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This book forms one part of a coui-se of elementary 
ebemistry ; the other part is contained in the companion- 
volume entitled Elementary Chemistry. The two books 
are intended to be used togethor, the one being comple- 
mentary to the other. 

The third part of thin book deals with subjects which 

. are only touched on in the companion- volume ; this part 

diould be used in conjunction with portions of the 

Principles of Chemistry by one of the authors of the pre- 

rsent book ; references to original papers to be consulted 

[ are also given in this part. 

The aim of the authors has been to arrange a progres- 

I'aive course of practical chemistry, in which as the experi- 

I jnents become more difficult the reasoning becomes more 

Me and accurate. The arrangement of the course and 

selection of the experiments are the outcome of 

rience gained in teaching chemistry for many years, 

ttoet of the experiments described can be performed with 

(tbe apparatus to be found in every moderately well- 

Fumished laboratory. 

To encumber a new book on practical chemistry with 
lie details of qualitative and tjiiantitative analysis — sub- 
lets treated so fully in numberless manuals — appeared to 
rtiie authors to be unwise. Many of the experiments in the 
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earlier chapters of this book indirectly teach the principles 
of qualitative analysis, but the authors' plan has obliged 
them to assume that at certain stages of his progress the 
student has become acquainted with the ordinary processes 
of qualitative and quantitative analysis. 

Appendices are added, containing (1) the outlines of 
experiments bearing on the work done in Part I., (2) 
tables which may help the student in performing the 
analytical parts of the easier experiments, (3) numerical 
data frequently used in the laboratory. 

M. M. PATTISON MUTR. 
DOUGLAS CARNEGIE. 

Cambrido:;, October^ 1887. 
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CHAPTER r. 

CHEMICAL AND PHYSICAL CHANGE. 

Exp. 1. Hold a piece of platinum wire in the flame o£ a, 

KEunseE-liinip for a few minutes. Then hold a piece of 

ignesium ribbon in the same flame. 

The platinum becomes red-hot, glows, and emits light ; 

when removed from the flame, it presents the same appeaniuce 

M before it was heated. The magnesium also ji;1owb ; but in 

Addition to this, it is burnt ; a white powder is produced, 

unlike the magnesium ; this white powder la caUed viagneaia. . 

The change produced in the platinum was a physical 

change. The change of magnesium to magnesia was a 

Ichemical change. 

B Exp. 2. Magnetise a kni/e-blaile, by drawing the poles of 

^m hors^hoe magnet over it several times in the same direction. 

Htring the magnetised blade close to a quantity of iron-filinga ; 

Khe iron is attracted to the blade. 

B The steel which forms the blade has acquired a new pro- 

l^erty, but it still exhibitB all those properties whicJi charac- 

Fterise steel. 

I Place some iron-fiUnga in a porcelain basin, and add some 

L dilute sulphuric acid; when edervescence has ceased, add a 

Uittle more acid, then evaporate untU tjie liquid becomes 

BSightly thick, but take care that the whole of the iron has not 

m. It p. c. \ 
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disappeared ; filter while hot, and allow the greenish coloared 
liquid which runs through the filter — the filtrate — to cool. 

Green crystals of sulphate of iron are formed as the hqnid 
cools. Compare these crystals with the iron-tilings with 
which you began the experiment, as regards colour, sppe^ 
aace, hardness, and solubility or insolubility in water; tha 
green crystals are evidently quite a different kind of matter 
from the iron. 

The change produced in the knife-blade was a physicsl 
change. The change of tjie iron to sulphate of iron, by 
causing it to interact with sulphuric acid, was a chemical 
change 

£jf the process o/JSlratinn, a liquid is separated from a sotitL 
The liiqwid which runs throu/fh the filter is called a filtrate. 

Exp. 3. Heat a little iodine in a large dry test tube, 
heating only that part of the tube where the iodine is. 

The iodine slowly changes to a dark violet vapour, but 
as this comes into contact with the colder parts of the tube, a 
solid body is foi'med ; this solid is easily seen to be the same 
as the ioi£iie before it was heated. 

The dujmge of a solid to a gas, foUotoed by l/ie reformation 
qfthe solid on cooling the gas, is called sublimation. 

Heat a little dry powdered lead nitrate in. a dry test tube. 

A reddish -brown gas, called nitrogen tetroxide, is formed, 
and a yellowish-white solid, called lead amde, remaina 

The action of heat on the iodine has been to produce a. 
physical change. The change of lead nitrate to lead oxide 
and nitrogen tetroxide, produced by the action of heat, 
has beea a chemical change. 

Dissolve a little common sail in water,* in a 
; place the basin on the top of a beaker, of a 
size such that part of the basin ia withiu the 
beaker ; put a piece of paper between the beaker 
and basin ; put some hot water in the beaker 
and place it over a lamp. (Fig. 1.) As the 
water boils the steam surrounds the basin and 
heats its contents nearly to 100°. The water 
in the basin is thus evaporated, without danger 
of the solid matter, which is formed as the 
water passes away, being lost by spirting. 
When the contents of the basin are dry, collect some of the 
* Always use diatUled icater. 
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vhite solid and compare its properties with those of the 
aommon salt you used ; note the colour, appearance, taste, 
Mtd eolubilitj' in water, of each. 

In aU cotes where evaporation of a liquid is to be continued 
I vniii the liquid is vsholly removed, Uiie final stages of the jrroeeas 
WAt^iOuld be conducted on a water-hath (as described above), 
If tmiese special directions are given to the contrary^ 
I The salt has been changed Ly the action of water; it 

I disappeared in the water ; but by removing the water the 
I Bolt has been again obtained. The change has been physical, 
^ ^ot chemical. 

ft. Place a little water in a basin, and into it throw one or 
H^wo small pieces of a white, soft, lustrous, solid called sodium^ 
^L Neoer touch sodium with -weijingert. 

^L The sodium slowly disappears in the water with a hissing 
■jLOise J when the sodium has all gone, place the basin on a 
■' irater-bath and evaporate until the water is wholly removed. 

■ Titis is called eiMporatiny to dryness. 

B ¥oa obtain a white, hard, lustreless, solid, very unlike the 
W- flodiam thrown into the water. This solid is called caustic soda 
K.OF sodium hydroxide. The change of sodium to caustic soda 
Lia a chemical change. 

H Exp. &. Mix a little blue coloured solution of litmus 

^nrith some colourless water. The result is a liquid coloured 

^Dighter blue than the litmus ; the properties of this liquid are 

Bihose of the litmus added to those of the water. 

I Mix the two colourless liquids, solution in water of potos- 

Kjiutn iodide and solution la water of mercv/ry chloride. 

^^ A reddish -yellow solid is at once formed, caUed mercury 

^Bkdide. The appearance and colour of this shew that its 

^Httmierties are different from those of either of the bodies 

^Hv the interaction of which it has been produced ; it is 

^Bgrideiitly a different kind of matter from either of these. 

^K A solid svhstanoe formed by the interaction of one liqtad 

^ffnth anotJter, or of a gas with a liquid, is generally called a 

^precipitate. The mercury iodide is tlie precipitate in the 

Wfjeregoing experiment. We shall use the oontraclion pp. for 

Wpreeipitale. 

K The litmus and the water were physically changed: 

■ jw new kind of matter was formed. The mercury chloride and 
W tbe potassium iodide solutions were chemically changed: 
■-'ft new kind of matter, mercury iodide, was formed. 
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Exp. 6- Dissolve a iew lumps of sugw in warm watts 
in a beaker : then evaporate the liquid to diyness on a v 
bath. Notice the bubbles of air which rise to the at 
of the water during solution ; this air was imprisoned in t 
pores of the sugar, and as the solid sugar dissolved in ( 
water it was set free. Aft«r the water has been remov 
by evaporation you obtain a white, sweet, substance, thori 
properties of which indicate that it is sugar. 

Place a few pieces of TTUirble in a bottle with i 
and tubes arranged as shewn in Fig. 2. Pour a little water oo 
to the marble, then pour a little hydro 
chloric acid down the funnel tube ini 
the bottle. 

The marble gradually disappeaiM 
in the water and acid, and a gas 
produced. Allow this gas to pass ii 
a dry bottle full of air as shewn iiiL 
the figure. Aft«r 5 minutes or so, 
bring a lighted taper a little w&jr' 
into the bottle ; the light goes out. ' 
You thus prose that when marUtf 
_ interacts with hydrochloric acid * 
-^- water, a new kind of matter, very 
unlike either the marble or the aci^ 
is produced. This new kind of mattw 
is a colourless, odourless, gas : you recognise its presence itt 
a vessel by making use of the property it possesses of ex- 
tinguishing a lighted taper. 

This gas is called carbon dioxide or carbonic anhydride; it 
is heavier than air, and can therefore be collected, as yoa 
have collected it, by allowing it to pass to the bottom rf' 
a vessel full of air. 

The method of collecting gaae» heavier than air which yo» 
have jvel used is called collection by downioard disptaea^ 
fnenL It is often ttsed, especially for collecting heavy goMA 
which digsolix in water. 

The change of sugar into solution of sugar was a physi 
change ; no new kind of matter was produced. The changa 
of marble into carbon dioxide was a chemical change ; the^ 
properties of the matter produced differed in a very marked 
way from those of the marble. 

These esperiments illustrate the prominent differemie 
between physical and chemical change. "When p oruu.;fin. 




Fig. a. 
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substance is physicaUy changed, it temporarily acquires a new 
property or new properties ; but the substance is present, and 
can be recognised by its ordinary properties as being present, 
during and after the physical change. When a substance is 
chemically changed, the original substance disappears and at 
least one new substance is produced in its place. The 
differences between the properties of the original substance 
and the new substance are so marked that we do not hesitate 
to call each a different kind of matter from the other. 

The experiments in this chapter have illustrated the 
meanings of the terms ; — -filtration, sublimation, solution, evor 
poration, precipitation. They have also shewn how to use 
a water-hath for evaporation, and how to collect a gas heavier 
than air by doumwa/rd dispkusement. 

Reference to " Elementary Chemistry." Chapter I. 
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broagfat into contact with a heated solid EobstAnce and water 
is produced, it follows tliat oxygen mast bave been taken 
Awaj from the heat«d solid by the hydrogen. 

Now remove the bellows, and in their place put 
contAiniiig zinc and a litUe dilut« sulphuric acid (Fig. 5). By 
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Fig. 5. 

the interaction of these hydrogen is produced. Keep the 
fiaak in cotd water. Let the liydragen pass through tile 
TJ tube containing calcium chloride, and then through the 
tube containing the oxide of copper. Let the end of this tube 
pass into a small rfry flask. When tlie hydrogen has bees 
paBsing for quite 5 minutes, buC not before, begin gradually to 
heat the tube. 

7^ _fia»k is dried by rijising it out loith water, Hien totth a 
Utile aleo/iol, allouAng the alcoliol to drain out of t}i« _fiatk, 
UKvrming thejlagk in tlie JUsme of a liunaen-lmiip, biowvitg air 
mto it by a bellows, and repeating the vya/rjnvng and Mowing in 
air two or three times. 

After a little you notice that red copper ia produced in 
tlie tube, and that drops of water are formed in the small flask. 
Continue the passage of the hydrogen over the hot copper 
oxide so long as any water seems to be produced, or any 
I occur in the appearance of the matter in the tube, 
the close of the experiment heat the tube strongly, 
Bure that no water remains in the tube but that all is 
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driven over into the small flask. Then allow the tube to cool, 
and counterpoise again. 

The weight is the same as it was at the beginning of this 
series of experiments. 

Xoii have therefore proved, on the basis of certain as- 
flninptions, that when copper is tieated in air it combines with 
oxygen in the air to produce a new kind of matter called 
copper oxide ; and that the weight of the copper oxide thus 
produced ia greater than that of the copper from which it has 
been produced. 

By experiments too difficult to be performed at present it 
can be proved that the difference between these weights is the 
■weight of the oxygen which baa combined with the copper. 

The change which occurs when magnesium, or iron, ia burnt, 
also constats in combination of the magnesium, or iron, with 
oxygen in the air. 

Exp. 4. Powder some crystala of potasnum chlorate in a 
dry mortar j dry the powder by pressing, not rubbing, it 
between filter paper, and place a little of it in a diy test tube. 

Counterpoise the tube with its contents ; heat gently until 
the potassium chlorate melts and evolves a gas, then raise the 
temperature a little. Prove that the gas which is evolved is 
not ftir, by bringing into the tube u, chip of wood which is just 
Rowing ; the wood bursts into flame. The gas evolved ia 
'^seygen. Continue heating for a. little, then allow the tube to 
eool, and counterpoise again. 

The contents of the tube weigh less than the potassium 
^lorate did. But if this is so, it ia probable, although not 
■yet experimentally proved, that the quantity of gas which was 
evolved also weighs less than the potassium chlorate. 

Prove that the solid residue in the tube is not potassium 
ehlm^te, by dissolving it, and a little potaaaium chlorate, sepa- 
I lately, in water, and adding to each solution a few drops of 
■olntion of silver nitrate; in the case of the chlorate no visible 
ebange occurs, in the other case a white pp. is produced (this 
pp. is gifoer chloride : the solid obtained by heating potassium 
.ofalorate is called potagumTn chloride). 

The substance potassium chlorate has been changed, by 
tte action of heat, into at least two different kinds of matter, 
oxygen and potaseiuw. chloride; the mass of each of these 
than the mass of the potassium chlorate changed. 

Exp. 6. Place a little dry citproua oxide in a dry tube of 
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S^aW ; «oanterpoue ; hmt ; notice the change which occvn ; 
cool ; eounterpotae again. A new kind of matter different 
frrjm, and weigtung more than, the original euprona oxide, has 
been protlaoed. Tbis new Idnd of matter is called cupric oxide. 

In ISxps. 1, 2, and 3 yon changed specified niasBea of certain 
kinds of matter each into another kind of matter; the mass of 
the new kind at matter was in each case greater than the 
nuM of the origin&l kind of matter. The changes which 
moffnenuta, iron, and copper underwent are representative of 
the kind of chemical changes which Elements undergo. An 
Element is chemically changed bj adding to, or combining 
with, it some kind, or kinds, of matt«r differeat from itself ; 
the product, or the sum of the prodncts if there are more than 
one, of such a change weighs more than the element weighed. 

In Exp. 4 yon changed a specified mass of potasHinm 
clilorate into two different kinds of matter, each imlike, and 
each weighing less than, tiie original matter. But in Exp. 6, 
yoa changed a specified mass of a certain kind of matter, 
cuprous oxide, into another kind of matter different from^ 
and weighing more than, itself. The change which potasaivin 
ehloraCe underwent, and also the change which cuprous oxide 
underwent, are representative of the chemical changes which 
Not-oleraents undergo. A Not-element is chemically 
changed, either, as an element is, b; adding to, or combining 
with, it some other kind or other kinds of matter, or by 
Mparating it into two or more different kinds of matter each 
unlike the otlicr and unlike the original substance, and eadi 
weighing less than the original substance did before the change. 

Exp. 6> Carefully counterpoise a small piece of Uht- 
foil in a crucible ; place the crucible on a sand-bath in the 
draught cupboard; heat the sand gently; let a Ut&e nitric 
acid fall on to the tin drop by drop. When the contents 
of tlie crucible have turned to a white powdery solid cease to 
odd acid, but continue heating, and raising the temperature, 
until fumes of acid are no longer given off. Then cool, and 
aounteriKiiBO ; the solid in the crucible ia different from the 
tin usm and it weighs more than the tin. 

BeMODJnK Bolely on 
would you be iuaUiied t< 

Do you think that tin can be ptocfd in one or olber of tbene olassea 
•olnlj" oil the evidence Riven by this eiperimenl? 

Jie/erence to " Ej.kmentabt Chemisyuv." C\\a.^. Tl. 
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Exp. 1. You are given 
and some vei^ tineiy '' '' 
element. 

(a) Place a little of each in a test tube, pour some carbon 
disnlpMde into each tube, shake up, and gently warm by 
placing the tubes in hot water. The sulphur slowly dissolves ; 
the iron is unchanged. To prove that sulphur has dissolved, 
filter, and evaporate off the carbon disulphide by placing the 
liquid in a watch-glass on a water-bath, 

JVever tiwrm aarbon diaidphida over a Jta/me ; a mixture of 
air with carbon, lUaulphide -oapoiLr i» very exploHve. 

(6) Shake up a little of the iron and tlie sulphur, sepa^ 
itely, with water; the iron quickly sinks to the bottom of 

tabe, part of the sulphur floats in and on the surface of 

water. 
_ (fl) Place a little of the iron and sulphur, separately, on 
dean sheets of paper ; bring a magnet under each, touching 
tiie tmder side of the paper ; send a stream of air from the 
mouth over the surface of tlie iron and the sulphur. The 
Aplphur is quickly blown away, but the iron is more or leas 
■Lnnly held by the magnet. 

K Kow make a mixture of the iron and sulphur in the ratio 
K 1 part of sulphur to If parts of iron, by weight, - Examine 
%is mixture by (te) placing a little of it in warm carbon 
disulphide; (6) shaking a httle with water; (c) placing a little 
on paper, bringing a magnet under the paper, and blowing a 
fapid air-stream over the substance. Each substance in the 
behaves in the same way as it did ^hen. "Minivs.e&.~«\'iJi\ 

other substance. 
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Place a little of the mixture of iron and sulphur in a clean 
dry test-tube, and heat by a Bunsen-lamp nntil the whole 
mass glowH strongly ; allow to cool ; break the tube in a 
mortar, and pick out the broken glass. Examine the black 
solid thus formed by action on it of (a) carbon disulpbide, 
(6) water, (c) a magnet. The substance appears to be homo- 
geneous ; it is not separated into unlike parts by any of the 
methods by which the mixture of iron and sulphur was 
separated into unlike parts. 

A Compound of iron and sulphur, iron sulphide, is formed 
by heating these two elements together in the ratio of 1 part 
by weight of sulphur to 13 parts of iron. The properties of 
the compound are very different from those of either of the 
elements which have combined to form it. The compound 
cannot be separated into unlike parts by methods which 
succeed in separating a Mixture of the constituents of the 
oompound, i.e. a mixtnre of iron and sulphur, into unlike parts. 

Exp. 2. Place a little black copper osdde in a tube with 
some water; warm; no visible change occurs. Separate the 
liquid from the solid by filtration, and evaporate the filtrate 
to dryness ; no solid remains ; therefore none of the copper 
oxide dissolved in the warm water. 

Place a little yellow poitiKnium ckromale in water, and 
warm ; the yellow solid dissolves, forming a yellow coloured 
liquid. Evaporate this to dryness ; the original yellow po- 
tassiuni chromate remains. 

Make a mixture of copper oxide and potassium cbromate 
by pounding the two sutetances together in a mortar. The 
mixture is yellowish -black. Examine it by a magnifying 
glass ; you can distinguish black particles (copper oxide), 
and yellow particles (potassium chromate). Place some of the 
mixture in water ; warm ; filter ; add more water to the 
remaining solid, again warm, and filter. Dry the black solid 
which remains by placing it in a st«am-bath. Evaporate the 
yellow filtrate to dryness. Mix the yellow potassium chromate 
thns obtained with the black copper oxide also obtained from 
the mixture ; a yellowish black substance, similar to the 
original mixture, is produced. 

You have thus separated a Mixture into its constituent 
parts by making use of a certain physical property of each 
constituent ; viz. solubility in water of one constituent, and 
insolubility of the other. 
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Exp. 3. Examine the physical propertiea — colour, ap- 
pearance, harduesB, iL'c.— of a piece of copper. Examine the 
physical properties — appearance, liquidity, ic. — of sulphuric 
acid. The two substnnces are most distinctly marked off from 
eodi other by their physical properties. 

Out the copper into very small pieces, place these in the sul- 
phuric acid, and warm untU a part of the copper has dissolved 
in the acid ; pour off the blue coloured liquid into a basin ; 
evaporate the liquid, in the draught cupboard, nearly hut not 
quiU to dryness; allow to cool. A blue, crystalline, solid is 
obtained, very unlike either the copper or the sulphuric acid 
by the interaction of which it has been produced. This blue 
solid is called copper sulphate. 

Attempt to separate the copper sulphate into its con- 
stituents by (a) acting on it with water, it dissolves but is 
obtained unchanged on evaporating off the wat*r; (6) acting 
on it witli a mixture of alooiiol and water, it dissolves but is 
obtained unchanged when the solvent is removed by evapora- 
tion ; (c) acting on it with strong alcohol, it remains un- 
changed. 

Now dissolve in water some of the copper sulphate which 
you have prepared, add a little sulphuric acid, and immerse in 
the liquid two platinum plates, each of which is connected 
with a galvanic battery (Fig. 6). The electric current pafises 




Fig. G. 

from one platuiutu plate to tlie other througli tlie solution of 
copper sulphate. After a short time you notice that the 
platinum plate connected with the zinc plate of the b&Uav^ 
is covered with a reddish solid. Allow the curi^OTit \a ^gaaa ^*it 
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a little time; then remove the platinum plate and examine 
the red solid deposited on it ; so far as you can judge, this 
solid is copper. That the solid is copper can be proved with- 
out doubt; but at present you must be content with such a 
rough proof as is afforded by comparing, by means of the 
senses, the red solid you have obtained with the copper given 
you at the beginning of the experiment. 

In this experiment you produced a Compound of copper 
with sulphuric acid; you failed to separate this into unlike 
parts by methods which had already succeeded in separating 
one or two Mixtu res into unlike parts; but you separated the 
Compound into unlike parts, one of which was known to be a 
constituent of the compound, by using the agency of an electric 
current. 

Reference to " Elementary Chemistry." Chap. IIL 




CONSERVATION OF MASS OF MATTER. 

Exp. 1. rill a large test tube with water, cover the 
month with the thumb, and invert the tube in a saiall light 
basiii partly tilled with water. The tube should now be quite 
full of water ; air must not be allowed to get in while the tube 
is being placed in the water in the smaU basin. If a ring 
of thick glass is sKpped over the test tube the tube will stand 
steadily iii the basin (Fig. 7). Place the small piece of zinc* 
given you in the basin, and bring it under 
the mouth of the tube («. Fig. 7). Pour a 
very little concentrated sulphuric acid into 
a very small beaker. Place the small basin 
with its contents, and the small beaker con- 
taining sulphuric acid, on the pan of a fairly 
good balance, and counterpoise the whola 
Without removing the basin from the balance- , 
pan, pour the sulphuric acid into it, and re- ' 
place the Uttle beaker on the pan of the 
balance. A chemical change proceeds between 
the dilute sulphuric acid and the zinc ; a gas 
collects in the tube ; this gas is hydrogen. From time to time, 
as the change proceeds, and again when the change is tinished, 
allow the balance to swing ; the mass of the matter in one 
pan remains equal to that of the counterpoise in the other. 

New kinds of matter have been produced in this experi- 
ment, but the sum of the masses of these is equal to the sum 
of the masses of the kinds of matter present before the change 



Fig. 7. 



' tJoU to DentonttraloT. The piece of zinc ahonid be sach that when 
it disEolves in acid, hjdrugeu is produced sufficient to fill the tube about 
(ttta. *0B grams ziuo produce aboat SS — 30 c.c. hydrogen. 
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Exp. 2. Collect carbon dioxide in a perfectly dry test tube 
(#. Chap. I. Exp. 6). When the tube is full, ponr a, little con- 
centrated potash solution into it, utd instantly cover the month 
of the tube with the thumb ; ehake briakly ; invert the tube 
under a little water in a basin, and withdraw the thumb ; the 
water rushes into and nearly (or perhaps quite) fiUs the tube. 
Carbon dioxide is therefore easily and rapidly dissolved by 
a concentrated aqueous solution of caustic potash. 

You are now given an apparatus fonned of two light test 
tubes and a small piece of fairly wide glass tnbing (Fig. 8). 




Fig. 8. 



The tube G contains small pieces of solid caustic potash ; fill 
£ about |ths with a solution of caustic potash (1 part solid 
potash in 2 parts water, by weight). Place a couple of little 
bits of marlU in A, each about 5 mm. (say \ in.) diameter; 
and pour in a very dilute solution of hydrochloric acid to 
about the height shewn in the figure. Insert the corks 
in A and B, but arrange the tube d so that it does not dip 
under the surface of the potash solution in £, and do not 
place C in connection with B\ suspend the apparatus from 
the hook at the end of one arm of the balance, and place G on 
the pan of the balance ; on the other pan place a counterpoise 
which is very slightly lighter than the whole apparatus, 
and allow the balance to swing freely. After a few minutes 
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the position of the pointer of the balance indicates that the 
system of tubes has lost weight slightly ; the stream of carbon 
dioxide has swept the air out of tlje tubes, and some of the 
carbon dioxide has also passed out of the apparatus. Now 
adjust the tube d as shewn in the figure, attach B to the small 
tube t, and arrange the counterpoise so that the pointer in- 
dicates that the balance is in equilibrium. Allow the balance 
to swing, and observe the course of the change. Marble 
(calcium carbonate) and hydrochloric acid are interacting to 
produce water, carbon dioxide, and calcium chloride, but every- 
thing is retained in the apparatus. The total mass of the 
matter remains unchanged. 

The total mass of matter taking part in a chemical or 
physical change is constant ; the sum of the masses of the 
different kinds of matter produced in a chemical change is 
equal to the sum of the masses of the different kinds of matter 
which by their interaction produced the new kinds of matter. 

Reference to "Elementary Chemistry." Chap. IV. 
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CHAPTER V. 

METHODS OF BRINGING ABOUT CHEMICAL CHANGES. 

A. Chemical chcmge is sometimes brought about hy the 
agency of heat, 

Exp. 1 . Heat a little red oxide of mercu/ry in a dry test 
tube, keeping the mouth of the tube loosely covered with the 
thumb. A sublimate of mercury appears on the colder parts 
of the tube («. Chap. I, Exp, 3) ; continue heating until the 
lower part of the tube is red hot ; then remove the thumb and 
bring a glowing splint of wood into the tube; the glowing 
wood bursts into flame ; oxygen is being evolved from the 
heated mercury oxide (comp. Eocp. 4 in Chap, II,), 

In Chap, II, Exp, 4, the compound potassium chlorate 
was changed by the action of heat into potassium chloride and 
oxygen. In Chap, I, Exp, 3, the compound lead nitrate was 
changed by the action of heat into nitrogen tetroxide and lead 
oxide. In Chap, III, Exp, 1, a mixture of iron and sulphur 
was changed by the action of heat into a compound of iron and 
sulphur (iron sulphide). 

B. Chemical change is sometime brought about by the 
interaction of ttoo or more different kinds of master at ordinary 
temperatures. 

Compare Exps, 4, 5, 6 tn Chap, I, and Eocp. 1 in Chap, IV, 

Exp. 2. To a solution in water of barium nitrate add a 
dilute solution of sulphwric add; a white solid is at once 
produced {barium sulphate). 
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Exp. 3. To a Bolutioa of ailver iiitrate add a dilute aolu- 
ion of hydrocbiorie: acid; a white solid forma at once {silver 
lUoride). 

W C. Chemical chmige is frequently/ brought about by the 
Bffoctwn of Ixoo or more kinds o/ matter aided by heat. 
H<Coiapare Exp. 1, Chap. I, Exps. 2, 3, 5, artd 6, Chap, II. 
%A Exp. 3, Chap. III. 

Exp. 4i Place a little sulphur in the cup of a dpjlngral- 
ng spoon {Fig, 9), and bring it into a jar of 
ixygen ; no change occurs, Now heat the 
ulphur in a Bunsen-lamp until it begios to 
lurn and then plunge it into the jar of oKygen, 
[Txe sulphur bums brilliantly ; when the bum- 
ng haa ceased, withdraw the spoon, pour some 
listilled water into the jar and sliake briskly, 
["aste a small drop of the solution ; it is sour, 
'our 3ome blue litmus into the solution ; the 
olour changes to red. The sulphur and oxy- 
[en hftve combined to form a new substance, 
iulphurous oxide, which haa dissolved in the 



Pig. 9. 

Exp. 5. Pour a little dilute solution of nitric acid over a 
ece of copper in a test tube ; no visible change occurs. 
^nu the contents of the tube ; chemical change soon begins. 



HfeOv do yon. know that Uie change whioh occa 

^^Expi 6i Pat a small piece of cltarcoal with some polas- 
tBw chlorate in a dry test tube ; no change occurs. Heat the 
contents of the tube until the potassium chlorate melts and 
pvea off gas ; the carbon bums brilliantly forming carbon 
dioaade. Prove that carbon dioxide is produced by allowing 
swne of the gas to fall into a tube containing a little lime 
wafer (solution of lime in water), and shaking up ; a white 
1^1 calcium carbonatK, is produced (», Fig. 10). 
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The pTodttetiim of this tdnU pp. in lime water it a tett 
wft«r«iy lAepresenet of the got earboa dioxide may be detected. 

CarboD dioxide U ft compound of carbon and oxjgen : what was the 
■oniee of th« o^gen in this experiment? 

In the preceding experiments it is tA be noticed that when 
a chemical change occnrred by the interaction of two or more 
SQbstancea, one at le&st of the sabstances was in the liquid or 
gaseoos state. The change of a mixture of iron and sulphur 
to iron sulphide appears to be an exception; but when we 
remember that sulphur is easily melted, this change will be 
seen to be no exception to the statement. 

D. 

Compare ^srp. 3, Chap. Ill, 

Exp> 7> Pass an electric current through a solution of 
&ilver nitrate to which a little nitric acid has been added. 
Silver separates at the negative dectrode. 

The arrangement shewn in Fig. 1 1 is a simple one for sach 



Fig.U. 

experiments as the electrolytic decomposition of silver nitrate 
solution. A and B are plates of platinum attached to platinum 
wires which pass through a cork in a small wide~mouthed 
bottle ; the cork fits loosely so that any gas evolved during 
the electrolysis may escape. 

The platinum plates are called electrodes; that on which 
the silver (or copper, s. Exp. 3, Chap. III.) separatee is 
sometimes called the kathode and the other the anode. 
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Exp. 8. Pass au eJectric current through water containing 

little sulphuric acid. Arrange the apparatus so that each 

electrode (of platinum) passes a little way into a large tube 

' '1 of aciduLited water inverted over it {Fig. 13). Gas 




Fig. 12. 

collects in each tube; after a time atop the current; cover the 
mouth of the tube which contains the larger volume of gas with 
the thumb, keeping the tube under the liquid all the time ; 
invert the tube, withdraw the thumb, and at anee bring a 
'ighted taper to the mouth of the tube ; the gas takes fire with 
i slight explosion, and burns with a nearly colourless ^me. 
V get ready a glowing chip of wood ; cover the mouth of 
e other tube with the thumb, invert the tube, withdraw the 
Itumb, aod plunge the glowing chip into the gas ; the wood 
lursta into flame, but the gas does not take fire. 
The first gas ia hydrogen, the second is oxygen. 
Ton have lea/mud in this experiment liovi to delect hydrogen 
d tw^gen and to distinguigh tliem/rom each other. 



CHAPTER VI. 

CHEMICAL PROPERTIES OF WATER. 

Exp. 1 . Place a small piece of sodium in a little cage of 
wire gauze attached to a glass rod (Fig. 13). Fill a large 
test tube with water, and invert it in a small basin of 
water; hold the tube with one hand, and with the other 
bring the wire cage containing the sodium under the 
water so that the gas which at once begins to bubble 
through the water passes into the tube and collects there. 
When the tube is full of gas, cover the mouth with the 
thumb, invert the tube, and bring a lighted taper to 
the mouth; the gas takes fire and bums with a pale 
almost non-luminous flame. The gas is hydrogen. 

Evaporate the water in the basin to dryness ; the 
white solid which remains is a compound of sodium, 
hydrogen, and oxygen; it is called sodium hydroxide^ 
Fig 13 ^^ caustic soda. (The composition of this compound 
cannot be proved at present.) 
By the interaction of sodium and water, hydrogen and a 
compound of sodium with hydrogen and oxygen, have been 
formed. Sodium is an element ; if this is taken as proved, it 
follows that the hydrogen evolved as gas in the foregoing 
experiment, and also the hydrogen and oxygen which combined 
with the sodium, must have formed part of the water at the 
beginning of the experiment. (Here we assume that the 
material of the vessels was not chemically changed during 
the process.) Water therefore is a compound of hydrogen and 
oxygen. 

In Exp. 8, Chajp. F. water was decomposed into hydrogen 
and oxygen by the action of an electric current. In Exp. 3, 
Chap. II. water was produced by passing hydrogen over hot 
copper oxide. 
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Water interacts with certain elements at high temperatures 
I produce oxygen and a compound of hydrogen with the 
iBteractiiig element*, 

The composition of water can be proved only by very 
kecurate quantitative experiments. The composition of water 

By weight. By volvnne, ; wale.r'gav. 

Hydrogen 1 parti form 9 parts Oxygen 1 vol.lfonn 3 vols. 
Oxygen 8 parts/ o£ water. Hydrogen 2 vols. /of water-gas. 
I («. " Elementary Chemibtey." Chap. VII. para, 92 to 96.) 

Hydrogen and oxygen are not generally prepared by 
composing water. 

Exp. 2. Fit up an apparatus 
Place some granulated a 



Fig. 14. 

niter, and pour a little dilute sulphuric acid into the 

We through the funnel-tube. The zinc and sulphuric acid 

, et to produce zi?jo gulphate, which remains dissolved in the 

^ter, and hydrogen, which passes off bs gaa. While the air 
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18 being swept out of the apparatus by the stream of hjdrc^en, 
fill two wide-mouthed bottles with water, and invert eadi in 
the water in the trough (as in fig. 15). Now fill a test tube 
with water and invert it over the end of the tube from which 
the hydrogen is escaping ; when the tube is full of hydrogen 
bring it quickly mouth downwards to a flame; if the hydrogen 
ignites without explosion all the air has been removed fnxn 
the apparatus; if an explosion attends the ignition of the 
hydrogen the tube contained a mixture of air and hydrogen, 
and therefore the whole of the air has not been swept out of 
the apparatus by the stream of hydrogen. When the hydrogen 
is free from air, fill the two bottles with it. Keep the bottles 
standing mouth downwards in the water until they are 
wanted. Set aside the flask containing the zinc and sulphuric 
acid (8. Exp. 8, p. 26). 

A rmacture of air cmd hydrogen is very explosive : never 
bring a light nea/r cmy appa/rcUus containing hydrogen^ nor 
collect hydrogen^ until you ha/oe proved that there is no air 
mixed with the hydrogen. 

Exp. 3. Fit up a dry flask with a tightly fitting cork, 
and delivery tube as shewn in Fig. 15. Pkwe the mixture of 




Fig. 15. 

dry powdered potassiwm cMorate and manganese dioxide given 
you in the flask* ; fill four bottles with water and have them 

* Note to Demonstrator. About 1 part dry manganese dioxide is 
mixed with 3 parts dry powdered potassium chlorate. A litUe of the 
mixture should be tested by heating in a tube to see that oxygen comes 
off quietly. Manganese dioxide is sometimes adulterated with carbonaoeous 
matter ; the use of such adulterated material is highly dangerous. About 
8 grams of the mixture may be used for each litre of oxygen required. 
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ready atauding mouth downwards in the trough. Heat the 

flafk, gently ut first, then more strongly ; after gas has been 

. coming off for a little, collect a test tube full of the gas and 

^_ bring a glowing chip of wood into it; i£ the wood at once 

^Bll^rsts into flame you conclude that the gas coming off is 

^Hkpproximately pure oxygen. Fill each of the four bottles vith 

^Ptiie oxygen, and keep them standiBg in. the trough until they 

I; are wanted. Before removing the lamp from beneath the 

Saak remove the delivery tube from the water. Set aside the 

flask containing the materials from which the oxygen was 

made (a. Exp. 8, p. 26). 

Exp. 4. Light a taper; remove a bottle of hydroyin 
from the trough, hold it mouth downwards, and bring the 
taper to the mouth of the bottle; the hydrogen takes lire; 
move the taper into the bottle, the taper is extinguished. 

Remove a bottle of oxygen, from the trough and bring the 
Lghted taper to the mouth of the bottle, the oxygen does not 
take fire ; move the taper into the bottle, the taper bums 
brilliantly. 

Hydrogen under ordinary conditions is a comhugtible gas j 
OJtygen under ordinary conditions is a supporter of combuatiaii. 
Kiese terms are purely relative ; under certain conditions oxygen 

ombustible and hydrogen is a supporter of combustion. 

Exp. 5. Place a bottle of hydrogen and one of oxygen, 

some little distance apart, mouth upwards, on the table ; 

after one or two minutes bring a lighted taper into each 

bottle ; the visible phenomena shew that the bottle which 

contained hydrogen now contains only air, 

it that the other bottle still contains oxygen. 

Hydrogen is therefore much lighter than 

; oxygen is either heavier than air, or the 
specific gravities of oxygen and air are nearly 

Exp. 6. Arrange a piece of porous wood 
^^eharcoal on the end of a wire which passes 
rough a piece of stout card-board sufficiently 
rge to cover the mouth of the third bottle 
Jen. Ignite the charcoal ; reverse the 
of oxygen, and plunge the burning 
J into it (Fig. 16). The charcoal burns 
aitly and rapidly in the oxygen. When thi 
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is finished pour some distilled wat«r into l)ie bottle ; slioke 
briskly ; pour a little of this solution into a test tu)<e, and 
prove the presence of carbon dioxide in it by the lime water 
teat {Ohitp. V. BxjK 6). 

To the remainder of the solution of carbon dioxide in the 
bottle add Bome blue litmus solution ; the colour of the litmus 
changes to purplish-red. 

Exp. 7> Place a small dry piece of godium in s efaJ^J 

deflagrating spoon ; heat the sodium until it begins to bofjl 
and then plitnge it into the remaining Ixittle of oxygen, takin^^ 
care that the spoon does not touch the bottle. The sodium 
bums brilliantly and rapidly. When the combustion b 
finished, pour some distilled water into the bottle over the 
spoon; «hako briskly, and then add a little litmus solution ;,, 
the blue colour is deepened in tint ; now pour in a little I 
litmus solution; the colour is changed to blue. 

In Exps. 6 and 7 osidea were formed; oxide of carbon 1 
Exp. 6, oxide of sodium in Exp. 7 : both oxides dissolved i 
water; one of these solutions turned blue litmus red, the o* 
tamed red litmus blue. We shall find as we proceed that n 
oxides dissolve in water to form solutions which affect t __ 
colour of litmus as carbon dioxide does, and that many form 
solutions in water which afleet the colour of litmus as sodium 
oxide does. Moreover we shall find that all the oxides in 
each of these classes have several properties in commoii^ 
besides that of changing the colour of litmus. («. Cftap. ^■^■^-Y^^ 

Exp. 8. Turn back to the flasks containing the moferiMM 
Jrom which hydrogen and oxygen, were obtained. Pour » 
portion of the contents of the flask in which hydrogen was 
generated through a filter, and aet the filtrate evaporating in 
the draught-place, on a water bath. Add some distilled water 
to a portion of the contents of the other flask, wai 
time, and filter ; set the filtrate evaporating. Repeat 1 
treatment with warm water as long as the water c 
dissolve out anything, that is as long as a few drops 
filtrate leave a solid residue when evaporated to c" 
in a watch-glass. Dry the insoluble residue and compi 
with the manganese dioxide given you; as far as you can 
they are identical. This conclusion, founded on the i 
firmed evidence of the senses and therefore by no means 
tmsted, is confirmed by accurate quantitative analysis. 
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Kow turn to the two filtrates; each is probably evaporated 

> dryness. The liquid obtained by adding warm water to 

le solid matter which remained from the preparation of 

otygen has disappeared, and in its place you iiiid a white 

PtUlid. Dissolve a little of this solid in water, and add a few 

I idropsof silver nitrate to the solution; a white pp. forma; add 

^ a little nitric acid, the white pp. remains. 

The production of a white pp. (mlver chloride), insoluble in 
luie nitric acid, when iUver rtitrate m added to a liquid, i» a 
atjov the presence of a chloride in thai liquid. 

Yon conclude therefore that when a mixture of potassium 

Uorate and manganese dioxide is heated, there are produced 

Bcygen, a chloride (probably potassium chloride), and manganese 

'ioxide. This conclusion has been confirmed by accurate 

kuantitative experiments. 

The liquid filtered from the unchanged zinc remaining in 
)he flask used for preparing hydrogen has evaporated and left 
I white solid. Heat this solid on the water bath so long as 
lellimg vapour is given off; then dissolve the residue in 
a little warm water, filter if necessary, evaporate the filtrate 
until a drop taken out by a glass rod and placed in a watch-glass 
partly solidifies on cooling, and then allow to cool ; white crystals 
form in the liquid ; pour off the liquid, remove the crystals by 
the help of a spatula to filter paper, and press them until nearly 
dry J again dissolve the crystals in as little boiling water as 
xtHisible, evaporate slightly, and allow to cool ; remove the 
tals which form to filter paper and dry them by pressure, 
y these processes of pressing between porous paper, dissolving 
D iratar, and crystallising, you obtain the crystals free from ad- 
hering sulphuric acid. To make sure that all sulphuric acid 
has been removed, dissolve a little of the last crop of crystals in 
water and add a drop o£ blue litmus solution ; if the colour of 
the litmus is unchanged all sulphuric acid has been removed. 
If however the litmus turns red the whole of the crystals must 
be again recrystallised and dried by pressure between porous 
paper. When you have obtained the crystals free from 
^dhering aoid, dissolve them in water and divide the solution 
a two parts. To one part add barium nitrat* (or barium 
blonde} solution ; a white pp. forms ; add a little hydrochloric 
cid, the pp. remains unchanged. The white pp. is barium 
ate; its production, and insolubility in hydrochloric acid, 
B that the solution contained a sulphate. To the other 
)f the solution of the crystals add caustic potash solution 
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drop by drop; a wliit« gelatinous pp. forms; add more potash, 
tlie p]>. dituolves. The white pp. is zinc hydroxide ; the pro- 
duiitioii of this pp., and its solubility in much caustic potash, 
proves the presence of a compound of zinc in the origioal liquid. 

The pradimtum of a whits pp. (bariutn tulplutt^), itMoiuMU 
*n hydnxAlorie turid, wlien ba/rtum nitrate tohition i» addedlt^ 
a liquid, i» a tettfor the presemM of a ndphate in that liquid. 4 

' The production of a UtMte gelatinoua pp. (sine hjfthr 
goltible in viuch eaiutio potatih, when a little eauttie potath golut 
M added to a liquid, ia a lest fof the preaertee of a compound ^ 
zino in that liquid. 

You conclude that when zinc and dilute sulphui 
interact, hydrogen and zinc sulphate are produced. This c 
elusion lias lioen verified by accurate quantitative ex:perimet 

From the experimentB in this chapter you have leame^* 
(I) how to prepare hydrogen and oxygen; (2) something 
regarding the chemical changes which proceed when hydrogen 
is prepared (a) by tiie interaction of zinc and dilute sulphuric 
acid, {b) by the interaction of water and sodium, and wben 
oxygen is prepared by the action of heat on potassium chlorate 
mixed with manganese dioxide ; (3) tha^ under ordinary 
conditions, hydrogen is combustible and oxygen is a support^ 
of combustion ; (4) that hydrogen is much lighter than air, but 
that equal volumes of oxygen and air are nearly the same 
weight; (5) that a mixture of air and hydrogen explodes 
when a flame is brought near it ; (6) that carbon burns in 
oxygen to form an oxide, an aqueous solution of which tarns 
blue litmus red ; {T) that sodium bums in oxygen to form an 
oxide, an aqueous solution of which turns red litmus blua 
You have also learned incidentally how to detect (a) a 
chloride, (b) a sulphate, (e) a compound of zinc, in solutions; 
and how to purify a solid soluble in water from other substances 
more soluble than itself. 

Water is a compound of hydrogen and oxygen 
examine a few of its properties. 

Exp. 9. To three separate portions of c 
basins add, (1) some powdered copper sulphate crygtals, 
powdered potftasium nitrate, (3) powdered tartar-em^ic ; wars 
each basin slightly, and if the solids do not wholly dissol^ 
add a little more water. After a time the whole of i ' 
solid has disappeared in the water. Evaporate a \ 




EXPS. 8—10] CHEMICAL PROPERTIES OF WATER. 29 

each solution to dryness; so far as you can judge by their 
appearances, the solids obtained are the same as those originally 
dissolved in the water. Accurate experiment confirms this 
conclusion. 

In these three cases water has acted as a solvent. Water 
dissolves very many chemical compounds, and a few chemical 
elements, without changing their composition. 

' Exp. 10. To two separate portions of distilled water in 
basins add (1) anhydrous copper sulphate^ (2) solid sul/phv/r 
trioQcide* ', each dissolves rapidly, the latter with a hissing 
sound. Evaporate the solutions somewhat, and allow to cool ; 
blue crystals are obtained from the first, and a thickish, very 
acid, corrosive, liquid from the second. Both products are 
different from the substances added to the water. In one case 
hydrated copper sulphate, in the other case sulphuric acid, has 
been formed. 

In these cases water has acted as a solvent, but at the same 
time it has interacted with the substance added to it and has 
produced a new substance. 

Reference to " Elementary Chemistry." Chap. VII. pars. 
90 to 106. 

* This should be supplied in small sealed tubes ; it is easily prepared 
by warming Nordhausen sulphuric aoid and leading the vapour into a series 
of diy test tubes, each of which is sealed off when it contains a small 
qoantitiy of the tnozide. 



CHAPTER VII. 

CLASSIFICATION OF OXIDES. 

Exp. 1. To three separate quantities of tocUer in basins 
add (1) phosphorus perUoxide, (2) sidphur trioxidey (3) 8odiu/m 
oxide*. When the oxides are dissolved examine the solutions 
as follows : — 

(a) to two small quantities of each add a drop of blue 
litmus, and a drop of red litmus, respectively ; 

(6) in a small quantity of each solution place a little 
piece of the metal zinc ; 

(c) to a small quantity of each solution add a little 
sodium carbonate, and notice whether carbon dioxide is 
given off. 

The solutions of phosphorus pentoxide and sulphur trioxide 
turn the blue litmus red, dissolve the zinc more or less rapidly, 
and dissolve the sodium carbonate with evolution of carbon 
dioxide. 

The solution of sodium oxide turns the red litmus blue, 
does not dissolve the zinc, at least not so long as the solution 
remains cold, and does not evolve carbon dioxide from the 
sodium carbonate. 

Exp. 2. Boil the remainder of the solution of phosphorus 
perUoxide for some time, and then very cautiously a/tid slowly 
pour into it the solution of sodium oxide until the liquid is as 
nea/rly neutral as you can make it. To determine when this 
point is reached, arrange several small pieces of red and blue 
litmus paper on a piece of clean paper on a porcelain slab ; stir 
the solution of phosphorus pentoxide with a clean rod as you 
slowly pour in the solution of sodium oxide; from time to 

* Caustic soda may be used in plsice ot tbe o^d&. 
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time remove a, drop of the liquid and let it fall on to one 
of the pieceii of blue litmus paper ; when a drop of the liquid 
produces only a slight reddening of the paper, dilut« the 
sodium oxide solution considerably (by pouring water into 
it) and add the dilute solution one drop at a time. 
Proceed thus until a drop of the liquid scarcely affects the 
colour either of blue or red litmus paper. Should you add 
too much sodium oxide solution (i.e. should a drop of the 
liquid in the basin turn red litmus blue) you must dissolve a 
little more phosphorus pentoxide in hot water and add this 
drop by drop, to the liquid until a drop of it scarcely turns 
red litmus blue or blue litmus red. 

Place the newlral aolation over a low flame to evaporate. 
Meaowliile neutralige the solution of sulphur Irioxide remain- 
ing from Exp. 2, by solution of sodium, oiAde, in the way 
already described. Place the neutral solution over a low 
flame to evaporate. 

When both solutions have evaporated to dryness there 
remains in each case a wliite solid. Remove a little of these 
■olids by means of clean spatulas to test tubes, dissolve in 
trater, divide each into two parts, and to one part add a 
drop or two of blue litmus, and to the other part a drop 
or two of red litmus ; the solutions are almost or quite neutral 
to litmus. 

Dissolve in water a small portion of the white solid obtained 
by neotraUaing the solution o( phosphorus pentoxide by soda ; 
add a little nitric acid, and then heat to boiling ; add a good 
deal of ammonium molybdate solution, and remove from the 
aburce of heat ; a yellow pp. forma slowly. 

T/ieJbrmation of a yellow pp. by adding ammonium molf/b- 
iate to a hot solution, containing nitric acid is a test for the 
W-esencfl of a phospltate in tfie ioliUion. [The yellow pp. is a. 
o^pound of molybdenum trioxide with ammonium phosphate.] 

Dissolve in water a little of the white solid obtained 
by neutralising the solution of sulphur trioxide by solution 
of sodium oxide, and test for a sulphate. 

Take a little piece of clean platinum wire ; hold it in the 

flame of a Bunsen-lamp, near the outer edge towards the 

lower part of the flame ; if the wire is quite clean no colour is 

gpven to the upper part of the flame ; if the flame is coloared, 

J wire must be dipped in concentrated hydrochloric acid, 

id in the flame, again dipped in the a«id, and a.^i&. \v£\.i 

the flaiD^ until it ceases to give any colour ^a fca u'^vat y*-'^ 
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of the flame. Now moisten tlie wire, take up on it, snccessivBly, 
a very small particle of eacL of the solids you have prepared, 
and luring each inlx) the lower part, near the outer edge, of tfae 
flame of a fiunsen-lanip ; the upper part of the flame is at 

) coloured yellow. This colour proves the preseDce of a 
und fif godium. 

I eompwmdn of gotHttm impart a yellow colour to a rum- 
luminous fia/nui in which they are voUUilined ; the colour u 
aetvrcely nwibU tftrouffh a bl-ae gltu». 

Prom these experimentul results you conclude, (1) that 
when a solation in hot water of phosphorus pentoxide is neu- 
tralised by an aqueous solution of sodium oxide there is pro- 
bably produced a pho»p/uUe of »odinm ■ (2) that when a solu- 
tion in water of sulphur trioxide is neutralised by an aqueous 
solution of sodiam oxide there is probably produced a avi- 
phate of sodium. These compounds are salts. 

To prove these conclusions quite satisfactorily, it would be^ | 
necessary to make accurate quantitative experiments. 

Oxides which resemble phosphorus pentoxide and s 
trioxide are called aeidie oxidet. These oxides interact « 
water to form acids ; or they are obtained from acids by n 
moving water from them. 

Oxides which resemble sodium oxide are eaUed home o 
These oxides interact with acids to form salts and w 
some of them dissolve in water to form alkalis. 

Exp. 3. ZtTUi OTade is a basic oxn/le. Place some dilute 
Kdphuric add in a basin j warm the acid, and add sine 
oxide, little by little, until some of the oxide remains un- 
dissolved (i.e. add an excess of zinc oxide) ; now pour the 
liquid through a filter into another basin, and evaporate the 
filtrate nearly to dryness over a low flame. Allow to cool, 
collect the solid which has formed, and free it from all adher- 
ing mother liquor in the manner described in Exp. 8, Chap. VI. 

Whe3i crystals separate from a liquid, the renuaning liquid 
is called the mother liquor. 

Finally dissolve the crystals you obtain in water and test 
the solution for (1) zinc, (3) a sulphat« (». Ea^. 8. Chap. VI.). 
The crystals are zirtc sulphate. But zinc sulphate is a salt ; 
therefore zinc oxide is a basic oxide as it has reacted with 
sulphuric acid to form a salt. 

Exp. 4. You are given an aqueous solution of nitrogen 
pentoxide and are asked to prove tboit this is aa acidic oxida. 
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^^Tou are also given a solution of potassium oxide which you 
know to be a basic oxide. 

Neutralise the solution of nitrogen pentoxide by the boIu- 
^liion of potassium oxide ; evaporate nearly to dryness ; collect 
^H|3ie crystals which form on cooling, and purify them by re- 
^^MrystaUisation and pressure between porous paper. Prove 
^^Bfaat the solid thus obtained is potasaiunt nitrate by (1) proving 
^^t to be a potassium compound by the flame test (s. &t!p. 2 o/ 
this C/iap.) ; (2) proving it to be a nitrate. 

Potassium compounds give a pale lavender colour to a non- 
I hurnntnts Jtame in which Oiey are volatilised. 
^^B To test /or a nitrate, dissolve in viatsr, add a good deal of 
^^^^neenirated s^dphuria acid, mix well by pouriatg from one t«ie 
^^B miothtr, cool aompleteli/, Jiold Ike tube in a slanting direction, 
^^pntj pour into it very slouAy a solution of ferrous sulphate 
1 prepared in cold tuater. The production of a hroien-black 
eolour in the liquid sinews the presence of a nitrate. 

[The brown-black colour is the colour of a compound of 
^tnc oxide — a product of the interaction of the sulphuric 
|Kad and the nitrate^with ferrous sulphate ; this compound 
' 1 solution ; it is very easily decomposed by heat ; 
t water or an aqueous solution mixes freely with fairly con- 
centrated sulphuric acid heat is produced ; hence the reason 
for conducting the test as directed.] 

Never add concentrated sulphuric acid to a warm 
liquid, else most disastrous results may follow. 

Exp. 5. You are asked to prove that barium oxide is a 
c oxide. To a moderate quantity of dilute warm sulphuric 
n a basin add barium oxide ; the oxide appears to remain 
mchanged; it really interacts with the acid to piwduce barium 
sulphate, but this salt is insoluble in water and dilute sul- 
phuric acid. Continue to add the barium oxide to the acid 
until the liquid shews only a slight reddening action on litmus 
paper; add one or two drops of dilute sulphuric acid; warm 
for a few minutes, allow the solid matter in the basin to 
settle ; pour off the liquid ; add warm water ; shake up 
briskly; allow to settle; pour oflT the liquid; repeat this 
process until the water ceases to redden blue litmus paper, 
i.e. until every trace of sulphuric acid is removed. 

This ftietttod of washing is called washing by deca/ntation. 

Xou have now to prove that the white solid which remains 

1 the basin is baritem sulphate. To do this ■3011 trmbp^. Y^iyjsi 

te) that it is a compound of barium ; (2) t\ia.t \\. la a ¥,->a\^\i.aS». 

tp.a % 
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Bring a very little of llie solid eiipported on a c/enn pU- 
tinum wire («. Sxji. 2 u/ l/iU C/uip.) into the flame of b 
Uunsen-lAiDp : the flume is c'oloared pale grass-jrrcen. 

Tlie jrruiiiiclion of a pale, r/ra»s-ffTeen colour in nfianii'. which 
be/ore icti* wnir-luimnoiis m a lent /or the preseiut of a coin/iouTiii 
o/btirium. 

When barium sulphat« is heated for some time in ooatoct 
with a W^e <]Uantity of a «onceDtrat«d solution of sodium 
carbonate, a part of the barium sulphate is changed to liarium 
o&rboDate, and sodium salphate is simultaneously formed ; 
sodium sulphate disBolvus easily in water. On these reactions 
we may found a method for proving that the solid sabstance 
obtained as descrit)ed is a sulphate. Add sodium carbonate to 
some warm water as long as the solid dissolves ; pat a, little of 
this solution in a test tube ; to the rest of it add some of the 
solid which is to Ite tested, and allow the liquid with the solid 
suspended in it to boil for 5 minutes or so. Meanwhile prove 
that the solution of sodium carbonate you have prepared is 
quite free from sulphate, by adding excess of liydrochloric acid 
aud barium nitrate («, Ssc/>. 8, Chnp. VI.). Now return to the 
boiling solution of sodium carbonate holding the solid 
snapenaion ; allow it to settle until you obtain a clear super- 
natant liquid ; pour off some of this (through a filter 
necessary), and prove the presence of a sulphate in this liqi 

Barium oxide therefore interacts with sulphuric acid 
form barium sulphate j but barium sulphate is a salt 
fore barium oxide is a, basic oxide. 

In this chapter you have learned something of the meanings 
of the terms ba»ic oxide and acidio oxvle; but you have seen 
that to understand the terms more fully it is necessary to 
know what is meant by an acid, and what is meant by a salt. 

Incidentally you have learned how to detect a nilrale and 
a p/toKp/utte, and also compounds of potmdum, of barium, and 
of todium, Finally you have learned how to iteulraiiBe an acid 
by an alicaii. 

Refermoe to " ELEMENTARy CHEMiatHV." Chap. VII] 
pare. 123 to 126, and 130 to 132. 
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CHAPTER VIII. 



ACIDS AND SALTS. 



Exp. 1. To three quantities of dilute gulphwric acid in 
beakera * add, respectively, zhic, zinc oxide, and othc carbonate ; 
gas is evolved in the first and third beakers ; no gas is evolved 
in the second beaker f. 

Prove that the gas evolved during the interaction of the 
zinc and the acid is hi/droyeii ; and that the gas evolved in the 
interaction of the zinc carbonate and the acid is carbon dioxide 
(s. £xp. 6, Chap. v.). Warm the three liquids, and allow 
the reactions to proceed until all visible cjiauge has ceased : 
now add a little more zinc, zinc oxide, and zinc carbonate, 
respectively ; warm again for a minute or two, and filter into 
ba^s. Evaporate the three iiltratea to dryness over low 
fianies ; collect the three solids, press them between porous 
paper, and crystallise each from water two or three times (s. 
Exp. 8, CSop. VI.). Prove that each solid (1) is a compound 
of zinc, (2) is a sulphate. 

The EoUdB have the same composition ; each is zinc sulphate. 
Note that the results of your experiments do not prove this 
conclusively; accurate quantitative analysis is required. But 
we shall assume that such analyses have been made ; the 
result is that each solid has the same composition, and that 
each is zinc sulphate. 

When zinc reacts with dilute sulphuric acid, zinc sulphate 
and hydrogen are formed ; when zinc oxide reacts with dilute 



• About 100. 




mijtute of 1 part sttong aoid with 8—10 partB 
~ tie carbonate, as most apecimens of 
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sulphuric acid, zinc sulphate and water are formed (your 
experiments do not indicate or even suggest the production of 
water) ; when zinc carbonate reacts with dilute sulphuric acid, 
zinc sulphate, carbon dioxide, and water are formed. 

[Note carefully what your own experiments have actually 
proved, and what further data would be required to prove 
these statements.] 

Exp. 2. Perform an experiment similar to No. 1, but 
use a solution of hydrochloric acid in place of sulphuric acid, 
and magnesium, m^nesium oxide, and magnesium carbonate, 
respectively, in place of zinc, zinc oxide, and zinc carbonate, 
respectively. 

Prove that hydrogen is evolved in the reaction with 
magnesium ; carbon dioxide in the reaction with magnesium 
carbonate ; and no gas in the reaction with magnesium oxida 

Prove that the white solid obtained by evaporating each 
solution just to dryness at 100° is (1) a chloride, and (2) a 
compound of magnesium. 

The production of a white pp. (magnesium-ammonium phos- 
phate) on adding sodium phospJiate solution to a solution to 
which a large quantity of ammonium chloride a/nd then esccess 
of a7nmonia have been previovsly added, shews the presence of 
mxignesiuTn. 

Assuming — and this has been rigorously proved by quanti- 
tative analysis — that each of the solids obtained in this 
experiment is magnesium chloride, it follows that the reactions 
between hydrochloric acid and magnesium, magnesium oxide, 
and magnesium carbonate, are similar to the reactions between 
sulphuric acid and zinc, zinc oxide, and zinc carbonate. 

These experiments enable us to gain a notion of the 
characteristic property of acids, viz. that they interact with 
metals, metallic oxides, and metallic carbonates, to form salts. 

Zinc and magnesium are metals; zinc sulphate and mag- 
nesium chloride are salts; these salts were produced in your 
experiments by the interaction of sulphuric and hydrochloric 
acid, respectively, with a metal, a metallic oxide, and a metallic 
carbonate. 

To understand more completely what is meant by saying 
that salts are formed by the interaction of metals, &c. wil£ 
acids, it would be necessary to determine the compositions of 
the acids used, and of the salts obtained. Such determinations 
have been made. The results of the quantitative examination 
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^.of the reactions used in Exps. 1 and 2 may be represented in 
•^emical equations as follows* : — 
Eaactionx between nine <f:c. and sidphwric add. 

(1) Zn + H^O,Aq =ZnaO,Aq + 2H. 

(2) ZnO + H,SO,Aq = ZnSO.Aq + H,0. 

(3) ZnCO, + H,80,Aq = ZnSOiAq + H,0 + CO^ 

Keaationa between magnem,um ike. and hydrochlorie add, 

(1) Mg + 2HClAq =MgCl,Aq + 2H. 

(2) MgO + 2HClAq = MgCl^q + HO. 

(3) MgCO, + 2HCiAq = MgCl^Aq + H,0 + CO,. 

A salt may at present be regarded, then, as a compound of 
a. metal with the elements of an acid except hydrogen. 

In the last chapter you learned that an acid reacts with an 
alkali to form a salt ; alkalis are compounds of certain metala 
with oxygen and hydrogen ; they are hydroxides of certain 
metals (b. Ckoq}s. VII. and X). 

If an acid reacts with a metal, the oxide, and the carbonate, 
of a metal, to form a salt ; if an acid also reacts with an 
alkali to form a salt ; and if an alkali is the hydroxide of a 
certain class of metals, it is probable that an acid will react 
with any metallic hydroxide, whether it be an alkali or not, to 
form a salt. Let ua put this hypothesis to the test of experi- 

Exp. 3. Add (!) exeeas of harium hydroxide to nitric add, 
and (2) exeeng o/ferrie hydroxide to gulphtvne acid, and proceed 
OS described in Exp, 1. After purifying the salts obtained 
prove tliflt one is (1) a compound of barium (g. Exp. 5, Chap. 
VII.)-y (2) a nitrate (g. Exp. 4, Gltap. VII.); and that the 
other is (1) a compound of iron, (3) a sulphate («. E:^. 8, 
CA«p. VI.). 

The production of a reddish-brown Jloaculent pp. (ferric 
hydroxide) when excess of ammonia is added to a solution ia a 
test for a/erne compound. 

A salt ia one of the products obtained by the interaction of 
acids with (IJmetals, (2) metallic oxidea, (3) metallic hydroxides, 
(i) metallic carbonates. The salt obtained is in each case a 
compound of the metal with the elements of the acid except 
hydrogen, or, as is usually said, with the acid radicle. 
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But more than one salt is sometimes obtained by the 
reaction between a specified acid and the same metallic oxide 
or hydroxide. 

Exp. 4. You are given two exactly equal quantities of a 
solution of oxalic acid in wat^r, and a quantity of a solution of 
potassium hydroxide*. To one of the quantities 
of oxalic acid add the potash solution very catUi- 
ouslyy from a graduated tube with a stopcock (a 
burette) (Fig. 17) until the liquid is eoca^cUy neutral 
(s. Eocp. 2, Chap. VII.). Read ofl^ on the burette, 
V- uin number of cubic centimetres of potash solution 

K^ 1 w added. To the other quantity of oxalic acid add 
exactly half as much potash as you have added 
to the first quantity of the acid. Evaporate both 
solutions over low flarrves until a drop taken out 
on a rod solidifies on cooling; allow to cool; 
collect, dry, and recrystallise the solids from as 
little water as possible; collect, dry, and re- 
.. crystallise each again. 
jr-x""^ Prove that each solid is (1) a compound of 
potassium, (2) an oxalate. 

The jyroduction of a white pp. (calcium oxalate] 
when calcium chloride is added to a solution, wh^h^-^^ 
pp. is insolvhle in ascetic a^id, is a test for the 
of an oxalate in that solution. 

Dissolve the solids in distilled water, noting 
that one is much more soluble than the other, and test eacl 
solution with blue and red litmus; the oxalate of potassii 
obtained by exactly neutralising oxalic acid with potash 
neutral to litmus; the other oxalate of potassium turns blu< 
litmus red ; this is often expressed by saying that an aqueou^^^ 
solution of the salt has an a,cid reaction. 

Quantitative analyses of these oxalates of potassium she'' 
that the composition of the neutral salt is expressed by thi 
formula K^CgO^, and the composition of the other salt i: 
expressed by the formula KHC^O . 

A salt may then be formed from an acid by replacing 
part, or the whole, of the hydrogen of the acid by a metal. 







Fig. 17. 





* Note to Demonstrator. About 10 grams oxalic acid in 250 c.o- 
water ; 100 c.c. is enough for each experiment : about 20 grams caustic' 
potash in 250 c.c. water ; 50 c.c. for each experiment. 
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Exp. 6. You are given two exactly equal quantities of 

\ solution of potash, in basins, and a quantity of a solution 

VjOf rndphuric acid*. You are also told the weight of each 

Fill a burette with the acid ; run the acid into one of 
Bie quantities of potash until the liquid is exactly neutral ; 
' I the other quantity of potash add exactly twice as much 
*mlphuric acid as was required to neutralise the first (equal) 
qnantity of potash. Evaporate each solution to dryness on 
a wal&r-ftath ; then place eacli basin on a sand-ti'cty, heap 
the sand round the basins, and heat them to about 200° 
for some time. Any free sulphuric acid present will be 
volatilised at this temperatura Now allow the basins to cool, 
wipe them carefully, and weigh them. Deduct the weight of 
each basin from the weight oE basin + salt; the difference is 
" e weight of salt obtained. 

case you obtain a considerably greater weight of 
kit than in the other. If it is now assumed — and this has 
Q experimental iy proved— that sulphuric acid is completely 
Utilised at a moderate red heat, it follows that you have 
bained two distinct polaeeium sulqihates. The reasoning is 
A follows :— 

A certain mass, say x grams, of potash (in solution) was 

iJy neutralised by sulphuric acid ; the solution was evapo- 

" J the solid obtained was heated to moderate redness, 

i weighed ; it weighed, say, x' grams. 

The same mass {x grams) of potash was neutralised by 

(ilphuric acid, as much sulphuric acid as was used to neu- 

1 the potash was added over and above that required 

r the neutralisation ; the solution was evaporated ; the solid 

vas heated to moderate redness, and weighed ; it 

ighed considerably more than x' grams (say a;" grams), 

g:be ratio of «" to a^' should be nearly 1 to I ■28.) 
ut, from the conditions, neither solid obtained could be 
a mixture of sulphuric acid with potash, or a mixture of 
potassiusa sulphate with sulphuric acid ; therefore each solid 
was a sulphate of potassium ; therefore there are two potaa- 
n sulphates. Confirm this result by dissolving each salt in 
later and adding a little blue litmus ; in one case the litmus 
|l turned red, in the other it remains unchanged. 

• Now to Demonstrator. About 2( 
! as possible from carbonate 
Q of sulphuric acid. 
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Quantitative analysis shews that the compositions of the 
two salts are expressed by the formulae K,SO^ and KHSO^, 
respectively. 

You again conclude that a salt may be formed from an 
acid by replacing a part, or the whole, of the hydrogen of 
the acid by a metal {pomp, Exp, 4). 

Exp. 6. You are given two small basins and a quantity 
of a solution of hydrochloric acid. Counterpoise the basins 
one against the other. It is advisable to label the basins, 
that in the right hand pan R, that in the left hand pan L. 

To each basin add an equal quantity, say 20 c.c, of an 
aqueous solution of potash. Run the solution of hydro- 
chloric acid given you, from a burette, into one of the basins 
until the liquid is neutral ; to the other basin add twice as 
much of the same hydrochloric acid solution ; evaporate the 
contents of both basins to dryness on a tvater-bath ; continue 
to heat the solids obtained at 100" so long as any trace of acid- 
smelling fumes is given off; then allow the basins to cool ; 
dry eacli carefully; place them on the pans of the balance, 
basin R on the right-hand pan, and basin L on the left-hand 
pan, and put the counterpoise used at the beginning of the 
experiment on the same pan as it was then placed on. 

The basins and their contents equilibrate each other. 

Hence you conclude that the two equal masses of potash 
have reacted each with the same mass of hydrochloric acid, 
and that the excess of hydrochloric acid added in one case— 
i.e. the hydrochloric acid which did not interact with the 
potash — has been removed by evaporation. Hence, probably, 
the same salt has been formed in each case. 

Dissolve the two solids in the basins in distilled water, 
and prove that both solutions are neutral to litmus. Prove 
also that both solutions contain (1) a compound of potas- 
sium, (2) a chloride («. Exp, 4, Chap. VII. \ and Exp, 8, 
Chap. VI.). 

The proof that both solids are the same salt could be 
rendered complete only by careful quantitative analyses. Such 
analyses have been made, and have proved that only one salt 
is obtained by the interaction of an aqueous solution of hydro- 
chloric acid with potash, and that this salt has the composi- 
tion KCl. 

The relation between the composition of an acid and that 
of a salt is, that the salt is a compound of a metal with the 
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elements of the acid except the whole, or a part, of the 
hydrogen of the acid. 

The terra acid ratUch is generally used to denote the 
elements of an acid minus the replaceable hydrogen of the 
acid. 

You bare now gained a fairly clear notion of the essential 
property of an acid, viz. that it is a compound of hydrogen 
which reacts with metals, metallic oxides, hydroxides, and 
oarbonates, to form salts. You also know the relation between 
the composition of a salt d that £ th acid from which 
the salt is obtained. You h lad that some acids react 
with potash to form more th alt You have experi- 

mentally examined the meani g f th phrase, replacing Hie 
whole or a part of the }yd q f acid by a meted. 

Incidentally you have becom q nted with teats by which 
the presence in solutions of (1) a compound of magnesium, 
(2) an oxalate, (3) a ferric compound, may be prOYed. You 
havfe also learned how to use a burette. 
Acids which react with potash or aoda 

to form only one stable salt are called inonobasic acids. 
„ „ two stable salts „ dibagic „ 

„ „ three stable salts „ tribaaie „ 

„ „ n stable salts „ n basic „ 

Exp, 7. You are given carbolic acid; examine the re- 
actions which occur between this compound and (1) sodium, 
(2) sodium oxide or hydroxide, (3) sodium carbonate ; and 
determine from the results of your experiments whether the 
compound is or is not properly called an acid. 

.fie/erence to "Elemektabt Chemistry." Chap. TX. 



CHAPTER IX. 



CLASSIFICATION OF SALTS. 

Experiments conducted in Chap. VIII. shewed that hydro- 
chloric acid reacts with potash to produce one salt, and that 
sulphuric acid and oxalic acid each reacts with potash to 
produce two salts. Aqueous solutions of one of the potassium 
sulphates, and one of the potassium oxalates, you prepared, 
shewed an acid reaction toivarda litmus, Le. the solutions 
turned blue litmus red. 

The compositions of these salts of potassium, and their 
actions on litmus, are presented in the following table : — 

Potassium chloride. Potassium sulphates. 

KCl. Neutral to litmus, K^O^. Neutral to litmus, 

KHSO^. Acid to litmus. 

Potassium oxalates. 

K^jO^. Neui/ral to litmus, 
KHCjO^. Acid to litmus. 

There is an evident connexion between the compositions 
of these salts and their neutrality or non-neutrality towards 
litmus. 

£ut all salts composed of a metal, an acid radicle, and 
hydrogen, do not shew an acid reaction towards litmus. 

Exp. 1. Add potassium carbonate to water until no 
more oi the salt dissolves ; now pass carbon 'dioxide into the 
liquid for some time. Crystals separate from the solution: 
collect these on a filter ; wash them by pouring two or three 
successive very smxill qualities of cold water over them on 
the filter. Then dissolve the crystals in water and examine 
the action of the solution on litmus; it is slightly alkaline, 
Le, it turns red litmus bluish. Tlae comT^svfcvoivs of the two 
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K,CO . Alkaline to lilmua. 
KHCO^. 
Purify copper sulphate by recpystallisation from water ; tlien 
dissolve the crystals in water, and pla,oe a pieoe of blue litmus 
paper in the Bolution ; the liqaid has an acid reu<;tioB, although 
tile composition of the salt in the solution is CuSO^. 

le metals, and the oxides &c. of these metals, react 
"With a specified acid to form two salts, both of which are 
■compounds of the metal with the elements of the acid except 
.ihe whole of the hydrogen of the acid. Iron for instance 
'irms two sulphates, which have the compositions Fe80, 
id Fej (SOj)^ respectively, 
"you cannot prove the compositions of these salts except 
ty quantitative analyses ; but you may prepare the salts, 
prove that each is a sulphate of iron, and that the difference 
of composition is a difierence in the ratio of the mass of 
metal to that of the acid radicle. This may be done as 



Exp. 







) a considerable quantity of warm dilute 

n a basin add iron jiliinga, little by little, OB 

is dissolved ; then add a little more iron, 

■aporate over a low Jlame to near the crygtallising point 

t the solution, lilter from undissolved iron into a basin, and 

^ow to cool. 

The ery»talligvng point of a solution is that degree of eon- 

, for any given temperature, at lahidi the liquid is 

! with the solid held in solution, »o that a slight 

ring of temperature is attended with deposition of some 

ftke solid. 

Qreeu crystals are deposited as the filtrate cools ; collect 
i, press them repeatedly between porous paper, powder 
them and press again. Then prove that this sohd is (1) a. 
sulphate, (3) a compound of iron. 

To prove that the solid is a compound of iron, mate a 

ticad of borax on Hie end of a dean platinum vnre, take a very 

lUle of the salt on to this bead and heat in the reducing flame 

Bwnsen-lamp until all tnelts ; on cooling a greenish- 

w bead (borate of iron and sodium) is obtained. 

Dissolve the remainder of the green crystals of the sulphate 
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of iron you have prepared in dilnte wuJlpku'nc acidj and heat; 
add a little concentrated nitric acid to the hot liquid, a few 
drops at a time, till the colour is reddish-yellow; now 
evaporate to dryness over a foir jiame. Collect the yellowish- 
white solid that remains : free it from adhering liquid by 
repeated pressure between porous paper ; prove (with a small 
quantity) that it is (1) a compound of iron (use the bamx-bead 
te8t)y (2) a sulphate. 

[The action of nitric acid was to supply oxygen; when 
concentrated nitric acid is heated it decomposes, giving oxygen, 
water, and oxides of nitrogen (2HN0, = H,0 + 2NO, + O).] 

Dissolve the remainder of this gulpJuUe of iron in dilute 
sulphuric acid ; warm the liquid ; add some iron filings ; warm 
for some time ; if all the iron dissolves add more iron, and 
continue to warm until the liquid is near its crystallising 
point ; then lilter ; as the filtrate cools it deposits crystals of 
the green sulphate of iron.* 

There are therefore two sulphates of iron ; one is composed 
of more acid radicle relatively to metal than the other. 

Exp. 3. You are asked to determine whether, when zinc 
and 8ulphu/ric cbdd react, more than one zinc sulphate is pro- 
duced. The details given in Exp, 2 will be a sufficient guide 
to indicate how you ought to proceed. 

Note that the only conclusive proof of the production or 
non-production of more than one sulphate would be quantita- 
tive analyses of the solids produced by the interaction of 
zinc with sulphuric acid under varying conditions. 

You can prove by qualitative, and very roughly quantita- 
tive, experiments that whether much or little acid is used, the 
product is a white crystalline zinc sulphate the aqueous solu- 
tion of which is neutral to litmus. Hence it is probable that 
only one sulphate of zinc is produced by the interaction of zinc 
and sulphuric acid. 

Exp. 4. You are given solutions of (1) stannous chloride, 
SnCL ; (2) stcmnic chloride^ SnCl^. 

To a portion of each solution add mercuric chloride solu- 
tion and warm ; a dark grey pp. (finely divided mercury) is 
produced in the solution of stannous, but no pp. in the solu- 
tion of stannic, chloride. 

Into a portion of each solution pass sulphv/retted hydrogen 
gas and warm ; a brown pp. (stannous sulphide SnS) is formed 

* See Chapter XVII. on Reduction. 
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one solution, and a yellow pp. (stannic sulphide Sn8j) in 
e other solution. 
Into a, portion of the solution of stannous chloride pass 
Alorine gas until the liquid is yellow ; warm for some time, 
md again pass in chlorine ; warm the liquid until tlie smell of 
iiilorme is removed. Now prove that the solution gives (a) 
» pp. with mercuric chloride, (6) a yellow pp. with sulphur- 
ted hydrogen. 

You have converted atannoas chloride into stannic chloride, 
f combining the former with chlorine. 

Boil a portion of the solution of gta/imiio chloride with 
ipper turnings for 5 or 10 minutes; divide the liquid into 
^ree parts; to one part add mercuric chloride ; into another 
»rt pass sulphuretted hydrogen gas ; from the results 
obtained you conclude that stannous chloride was present in 
tliB liquid. To the tlurd part add ammania aolulion until the 
Equid smells strongly of ammonia ; a white gelatinous pp. is 
lorined, and the liquid is coloured azure Llue : — the pp. is 
)Mannous hydroxide (Sn,OjH,), the blue colow shetea the pre- 
9lnee of a compound of copper. 

Hence yon conclude that gtannic chloride has reacted with 
popper to form stannous chloride, and that some of the copper 
the same time has dissolved. As you know that the com- 
njSitions of stannous and stannic chlorides are SnCl and 
}nCl^, respectively, you conclude that, probably, the chlorine 
■omoved from the stannic chloride by the reaction with copper 
i as combined with copper, and that the copper chloride thus 
Eormed has dissolved in the water present. Accurate quanti- 
Htive investigation confirms this supposition, and shews that 
fee reaction which occurs between a solution of stannic 
tdiloride and copper may be thus represented in an equation ; — 
' SnCl^Aq + Cu = CuGl,Aq + SnC],Aq. 
The relations between the compoaitions of these two chlorides 
i tin and the acid from which both are derived, are similar to 
the relations between the compositions of the two sulphates of 
iron and the acid from which they are both derived. Each is a 
lOranpound of a metal with an acid radicle ; in the case of tlie 
^^OD salts this acid radicle is itself composed of two elements 
bolphur and oxygen), in the case of the tin salts the acid 
iidicle is a single element (chlorine). The salt whose name 
nda in ic is a compound of more of the acid radicle, relatively 
} a fixed mass of the metal, than the salt whose name ends 
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in out. The -oim salt was changed to the -ic salt by combining 
with it more of the acid radicle ; the -ic salt was changed to 
the -ous salt, in one case by combining with it more of the 
metal, in the other case by removing part of the acid radicle. 

A salt which ia formed from acids by replacing the whole 
of the replaceable hydrogen by a metal ia usually called 
a normal tali; a salt which is formed from an acid by replacing 
a portion of the replaceable hydrogen by a metal b nsaallj 
called an acid salt. The salts FeSO,, Fe,(SO.L SnCL SnCl^ 
K,SO„ K,C,0„ K,CO,. are normal salts. The salts KHC,0«, 
KHSO„ KHCO,, are acid salts. It is to be noted that most 
acid salts shew an acid reaction towards litmus, but that some 
acid salts (as defined above) do not exhibit an acid reaction 
some towards litmus. Most normal salts are neutral to litmus ; 
however are acid and some are alkaline, (s. Eicp. 1 of this Chap.) 



Exp. 5. Pass a stream of dry carbon dioxide over some 
warm powdered lime (calcium oxide) in a glass tube (Fig. 18), 
After a time stop the current of the gas, remove tJie white 




Fig. 18. 
solid from the tube and prove that it is (1) a carbonate, (2) a 
compound of calcium. 

Calcium, compounds when volatUiged in a non-lumincms 
fiame give a red colonr to the flame. Solutions of caloium com- 
pourrds neutralised wn'iA ammtonia, give a inkite pp. (calcium 
oxalate) on addition of a solution of ammonium oxalate, tvkich 
pp. is insoluble in acetic acid. 
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The chemical cliange wliich you have conducted is repre- 
BBnted in an equatiou thus, CaO + OOj = CaCO^. Calcium car- 
bonate is a salt, calcium oxide is a basic oxide, and carbon 
dioxide is an acidic oxide. 

Exp. 6. Melt some solid potaseiutn osnde in a silver (op 
nickel) basin ; add a lUlle powdered manga7if,se dioxide, and 
continue to heat for some minutes ; then allow to cool and 
dissolve the greenish solid in the basin in cold water. A 
deep green solution is obtained. This solution contains the 
salt potoKsium mangannie (K^MnOJ. The reaction which 
occurred between the potassium oxide — a basic oxide — and 
the manganese dioxide — an acidic oxide — is thus represented 
in an equation ; — 

K,0 + 3MnO, + O (from the air) - K^nO. + Mn^, + H,0. 

Exp. 7. Potassium oxide is a basic oxide ; chromium 
trioxide is an acidic oxide. Heat together, in a crucible, 
potoKsifim oxide and eli/romium trioxiiU ((JrOj) ; when the 
whole mass has been molten for a few minutes allow to oool, 
and dissolve in water ; evaporate the yellow solution to the 
crystallising point ; cool; collect and purify the yellow crystals 
which form. Set these crystals aside ; call them A. 

To a solution in water of chromium trioxide add a solution 
in water of potassium oxide till the liquid is as nearly as 
possible neutral ; evaporate, collect and purify the yellow 
crystals which form ; call these crystals B. 

Prove that A and B are both (1) compounds of potassium, 
(2) chromates. 

The production of a red pp. of diver chromate (Ag^CrOj), 
aolvhle in Itot concentrated nitric acid, lehen a solution of tilver 
nit^ttte i» added to an aqvioous aolution of a gall, u a teat for 
a chrom/tU. 

As far as your experiments indicate, A and B are the same 

compound. Quantitative anaiysis establishes this conclusion. 

The composition of A and H is represented by the formula 

KjOrO, ; the reactions by which you have prepared this salt 

^may be thus repi-esented ;— 

(1) KjO + CrO, = K,CrO,. 

(2) 2K0H *Aq + HjCrO^* Aq - KjCrO,Aq + 2H,0. 

ji aqaeons solution of EjO containx tbe alkali KOH ; an aqueous 
a of CrO, contains the aoid HsCt04. 
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Many normal salts may then be r^arded as, (1) metallic 
derivatives of acids, (2) compounds of basic with acidic oxides. 

Some salts are formed hj the combination of basic oxides, 
or hydroxides, with normal salts : such salts are usually called 
basic salts, 

Exp. 8. The compound bismuth chloride (BiCl,) is a 
normal salt; bismuth oxide (Bi,0,) is a basic oxide. Melt 
some hismtUh chloride in a basin over a Bunsen-lamp, and add 
little by little some powdered bismuth oxide. The white solid 
thus formed is bismtUh oxychloride ; its composition is expressed 
as that of a compound of the normal salt bismuth chloride 
with the basic bismuth oxide ; — BiCl, . Bi^O^ This compound 
is a basic salt, 

Exp. 9. Lead acetate [Pb(02H3O3)2] is a normal salt; 
lead oxide (PbO) is a basic oxide. Dissolve about 10 grams 
lead a^tate in about 50 c.c. water ; boil ; add about 7 grams 
lead oxide ; keep boiling till the greater part of the lead oxide 
has dissolved ; then filter, and allow filtrate to cool. The basic 
saU Pb(C2H802)2 . PbO is deposited as the liquid cools. 

In this chapter you have learned more concerning the 
relations between the composition of salts, and the composition, 
on the one hand, of the acids from which salts are derived, 
and on the other hand, of the oxides by the combination of 
which salts are frequently produced. 

You have gained some knowledge of the meaning of the 
terms used in the classification of salts, normal, a^nd, basic 
salts. You have found that some metals form two series of 
salts by interacting with one and the same acid; and that, 
in these cases, the ratio of acid radicle to metal is different in 
the two series of salts. You have also learned how to pass 
from one of these series to the other, in the cases of some iron 
and tin salts. 

Incidentally you have performed tests by which the 
presence in liquids of compounds of (1) iron, (2) copper, 
(3) calcium, and (4) the presence of a chromate, may be 
proved. 

Be/erence to "Elementary Chemistry." Chaps. IX. and XI. 




CHAPTER X. 



ALKALIS; AND ALKALINE HYDROXIDES, 

Exp. 1. To two quantities of distilled water (about 100 c.c. 
each) in basins add sodium and pofanintini, respectively. Cut 
the sodium and potassinm into grnall pieces, aad add these 
one at a timo, until about 6 grams of each metal has be«n 

N'ever touch sodium or potassium, vntk wet hands. 

Test a little of each solution with litmus; both solutions 
turn red litmus blue. These solutions contaiu the compounds 
NaOH and KOH, respectively. [M + H,0 + Aq = MOHAq 
+ H; M = NaorK.] 

Exp. 2. Into each of two test tubes pour a little solution 
K jd Jeme chloride ; into two other tubes, a solution of ma/nr 
Kmsww sulphtUs ; into two others, a solution of zinc »ulphale ; 
Hr^d into two others, a solution of merirwric cfUoride. To one 
^■rflC each pair of solutions add some of the solution of palasHum 
^Kt-hf/droxide, and to the other some of the sodium hydroxide 
Ifijiolution, you prepared in Esp. 1. 

Wf In every case a pp. is produced; observe that addition of a 
considerable quantity of the sodium or potassium hydroxide 
to the liquid containing zinc sulphate brings about a solution 
of the pp. which was at first produced. 

The pps. produced liave the following compositions ; — 

>Fe,09H„ MnO^H,, ZnO.H,, HgO. 
ui 



The chemical clianges which occurred may be represented 

re.CI,Aq + 6M0HAq = Fe,0„He + 6MC1 Aq. 
MnBO^Aq + 2M0HAq = MjioX + M^SO^Aq. 
ZnSO.A'l + ^MOH Aq = ZnOjH, + M,.SO.Aq. 
HgCl,Aq + 2M0H Aq= HgO + 2MClAq + EL,0 
where M = Na or K, 
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In eacli case reaction occurred between a salt of a heavy 
metal and a solution of an alkali ; in three cases an hydroxide 
of tlie heavy metal was pptd., in the other case an oxide of the 
lieavy metal was pptd. ; in every case a salt of the metal of 
the alkali was formed. 

Exp. 3. Into portions of the solutions of potassium and 
sodium hydroxides prepared in Exp. 1, pass carbon dioxide for 
a few minutes. The carbon dioxide reacts with the alkali 

present to form carbonate of sodium or 
potassium. To prove that a carbonate 
is formed, pour each solution into a 
small flask with a well-fltting cork carry- 
ing tubes as shewn in fig. 19. Let the 
exit tube from each flask pass into a 
clean beaker, in which you place a 
little lime water. Pour a little hydro- 
chloric or sulphuric acid through the 
funnel tube into each flask. A gas 
comes ofi" which reacts with the Ime 
Fig. 19. water to produce a white pp.; this gas. 

therefore is carbon dioxide. But carbonates are recognised 
by the fact that they interact with acids to evolve carbon 
dioxide gas. 

Carbon dioxide is an acidic oxide. Alkalis in solution 
react with many acidic oxides to produce salts. 

Exp. 4. Place two small pieces of suety each weighing 
about 50 grams, in basins ; into one basin pour a solution of 
about 10 grams of potassiv/m hydrooddey and into the other a 
solution of about 10 grams of sodium hydroxide. Heat the 
contents of the basins with constant stirring until clear liquids 
are obtained ; continue heating for 10 — 15 minutes ; then ckllow 
to cool. A semi-solid crust forms on the surface of each liquid. 
Break the crusts and pour out the liquids. The crusts are 
soaps ; in the one case potash-soap, in the other case soda-soap. 
The liquids contain glycerin', prove this by moistening a borax 
bead with the liquid and bringing the bead into the upper 
part of a Bunsen-flame, when a green colour is imparted to 
the flame. 

Alkalis react with fats to form soaps and glycerin. The 
change of composition which occurs is similar to that noticed 
in Exp. 2. Both classes of change may be represented by the 
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general equation; RX + MOH= ROH + MX, where RX is a 
compound of a positive and a negative radicle (a salt), and MX 
is a compound of the metal of the alkali used with tiie negative 
radicle of the salt RX. In Esp. 2 the compounds RX were 
metallic salts; R was Fe, Mn, or Zn, X was SO4 or 01, 
In the present Exp, RX is a fat ; both R and X are composed 
of more than one element. Common mutton auet ia almost 
pure stearin or glyceryl slearale. The reaction which occurs 
when this fat is saponified by potash may be expressed 

(C,H,) (C^Hj^O,), + 3K0H = C^H^OpH, + SK.C.jH^O, 
P- glyceryl stearate glycerin potassium stearate 

^P (potash-soap) 

■ [Here R = C,H„ and X - C,„H„0,.] 

Recall Exp. 2, Chap. VII. where you neutralised acids by 
the intoractions of these acids with solutions of potassium and 
sodium oxides. Solutions of these oxides contain the alkalis po- 
tassium and sodium hydroxide [M5O + H3O + Aq = 2M0HAq.]. 

The hydroxides of the metals lithium, sodium, potassium, 
rubidium, and ctesium, are alkalis. 

Alkalis then have the composition MOH where M = Li, 
Na, K, Rb, or Cs ; they are very soluble in water ; aqueous 
solutions of alkalis neutralise acids forming salts and water ; 
they react with many acidic oxides to foi-m salts and water ; 
tiey react with solutions of salts of many heavy metals to 
form ppa. of hydroxides, or sometimes oxides, of these metals, 
and at the same time to produce compounds of the metal of 
the alkali used with the acid radicle of the salt of the heavy 
metal ; they saponify fats. 

The hydroxides of the metals eulciv/m, ttroittiwrn, and 
barium, resemble the alkalis in most of their properties : the 
composition of these hydroxides is MO,H, where M = Ca, 8r, or 

^P Exp. 6. Prove experimentally (1) that aqueous solutions 
^M adeiuin and barium hydroxides are alkaline to litmus ; (2) 
HwBt these solutions react with solutions of ferric chloride, 
^HUn^anese sulphate, zinc stdphate, and mercuric chloride in a 
^B»; umilar to that in which the alkalis react ; (3) that these 
^^Knitions react with carbon dioxide to form carbonates of 
^^Hciiim and barium respectively ; (4) that these solutions very 
^BPt^tly and slowly sapomfy fat ; (5) that the so\\rt.\oQS TieuVrOi- 
^^fttv Hods forming salts. 
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Exp. 6. Weigli out approximately equal masses of the 
nlkali caustic potash (KOH), and tlie alkaline hydroxide 
eaujitic baryta (BaO,H,), say about a couple of grams of eacb, 
and add each to the same quantity of water, say to lOc.c. The 
alkali dissolves rapidly and a great deal of heat is prodnced 
during the solution; only a little of the alkaline hydroxide 
dissolves, and comparatively very little heat is produced during 
the solution. 
Exp. 7. Heat a little solid dry eauHie potash, and ^^- 
little solid dry calcium hydroxide, in separate dishes, coverin^^ 
each with a dry funnel ; the potash mdts at a high tempers 
ture but does not give off wat«r ; the calcium hydroxide ilm. ~~^ 
not melt, but it is decomposed into calcium oxide and water. 
Now tabulate the results of your experiments on alkali^^» 
and alkaline hydroxides, shewing clearly the resemblances an^S:^ 
differences between these compounds. 

Becall Exp. 8, C/utp. VIII., in which you proved tha«^^ 

I ferric hydroxide reacts with acids to form salts ; ferricz:^^ 

hydroxide is insoluble in water; it is neutral to litmus; i^** 

does not saponify fats ; it does not react with carbon dioxid^^^ 

, to form a carbonate of iron. 

The term baHc hydroxide may be used to include ad^ 
hydroxides which interact with acids to form salts. 

You have now learned to contrast acidic with basic oxides _ i 
and to contrast alkalis, alkaline hydroxides, and neutral by— — ~" 
droxides, with acids. You have learned some of the relation^^^ 
of composition and properties between salts, acids, basic hy- — ^ 
droxides (including alkalis, alkaline hydroxides, and neutra^^^"" 
hydroxides), basic oxides, and acidic oxides. 

The term btue is frequently used to signify a componni 
■which interacts with acids to form salts and water, only ; thi 
term includes basic oxides and l^asic hydroxides, and alsC^^ 
some other compounds, such as ammonia (NH_), ethylamin^^* 
(NH^C^HJ, Ac. 

Refersitce to " Elehentaby Chemistry"; Chaps. VIII ^ — 
and IX. 
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Exp. 1. To the salt barium chtoriile. add a 1 
{rated sulphuric aciil. Arrange the experiment 
20. Put about 3 or 4 grams of 
saJt in the small flask, and pour 
le acid down the funnel tube. 
Allow the gas which conies off to 
into a little distilled water; 
the gas dissolTea rapidly. When 
reaction has moderated, heat 
flask gently and contiiiue to 
for 5 minutes or so. 
Remove the exit tuie from tite 
before ymi, lake away tite 

When the contents of the flask 
'e cold add some water ; sliake up 
" ; pour ofl' the water ; add more 
*ater, and shake up again ; pour 
off; continue to wash the white solid by decantation until 
tliB washings are no longer acid to litmus paper. Now prove 
that the white solid is bwrium sulp/uite (s. C'liap. VIZ. Exp. 5). 
Prove that the aqueous solution of the gas produced in the 
feaction, (1) is acid to litmus, (2) gives the reaction with silver 
nitrate characteristic of a chloride, (3) neutralises caustic pot- 
Mh forming potassium chloride, (4) dissolves metals — say zini 
and magnesium — with evolution of hydrogen. The liquid i 
I 4fe<H]iieous solution of hydrochloric add. 




54 PRACTICAL CHEMISTRY. [cHAP. XL 

The reaction which you have carried out is represented in 
an equation thus ; — 

BaCl, + H,SO, = BaSO + 2HC1. 
salt acid new salt new acid. 

By the interaction of a salt with an acid there have been 
produced, (1) a new salt, composed of the metal of the original 
salt and the radicle of the acid used ; (2) a new acid, composed 
of the acid radicle of the original salt and the hydrogen of the 
acid used. 

Exp. 2. In a flask, arranged with a cork and tubes as in 
Exp. 1, place 3 — 5 grams of the salt sodium bromide, and add 
a quantity of a very concentrated solution of phosphoric acid. 
Warm the flask, and lead the colourless acid-smelling gas 
which comes off into distilled water. Proceed as directed in 
Exp. 1. Prove that the water into which the gas was 
conducted contains an acid, by shewing that it turns blue 
litmus red, dissolves metals with evolution of hydrogen, and 
neutralises caustic potash ; prove that the acid is hydrobromic 
acid, by adding silver nitrate and obtaining a very pale yellow 
pp. of silver bromide (AgBr), soluble with difficulty in a 
considerable quantity of aw/monia solution. Prove that the 
solid obtained by evaporating the liquid in the flask to dryness 
and heating till acid fumes cease to be evolved is, (1) a com- 
pound of sodium, (2) a phosphate. 

The reaction which occurred in the flask is represented in 
the following equation : — 

2NaBr + H3PO, = Na,HPO, + 2HBr 

salt acid new salt new acid. 

This reaction is analogous to that which occurred between 
sodium chloride and sulphuric acid. 

Exp. 3. Conduct an experiment similar to 1 and 2, but 
put the salt potassium, nitrate in the flask and add concentrated 
sulphuric add. 

Lead the gas evolved into water ; prove that the solution 
contains nitric acid. 

Evaporate the solution in the flask to dryness in the d/ratight 
cupboa/rd, heat the residue as long as acid fumes come off, and 
prove that the residual solid is potassium sulphate. 

Nitric acid is colourless ; you noticed a reddish-brown gas 
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» the flask wliile the salt and the acid were heated together. 
"' ' 'a tliia gas t 



^fe the 

^r Exp. 4. Heat in a test tube a little coneentrated nitric 
acid and a little concentrated iuiphunn add ; a. reddish-brown 
gae is evolved. Put a cork with an exit tube into the test 
tube and lead a little of the gas into a solution of ferrous 
sulphate acidified with sulphuric acid ; a brown-bluck liquid 
is formed (comp. teat for nitric acid, Enyi. i, Chap. VII.). 

Now lead some of the gas produced in Exp. 3 into a cold 
acidulated solution of ferrous sulphate. 

From the result obtained you conclude that, probably, the 

1 obtained in Exp. 4 is the same as the roddish-brown 

i produced along with nitric acid in Exp. 3. The gas in 

tuestion is a mixture of nitric oxide (NO) and nitrogen dioxide 

SO). 

The reaction which occurred bi Exp. 3 may be tiiua 
jepreaented in equations ; — 

(1) 2KN0^ + H,SO, = K,80^ + 2HN0, 
salt acid new salt new acid 

(2) 2HNO^+H,SO^ = H,O.H,SO^ + 2NO + 30 (some of 
s NO and O combine to form NO,). 

A portion of the new acid produced in the primary change 
8 with aome of the acid used to decompose the salt, and is 
tereby itself decomposed. 

Exp. 6. Allow the salt sodium carbonate to react with 
': acid; prove that carbon dioxide is evolved and that 
m nitrate remains in the flask (evaporate the contents of 
the flask to dryness on a water-biith and heat at 100° until 
acid fumea cease to come off). The reaction ia tbua represented : 
NaCO, + 2HNO^=2NaNO, +00, + H,0. 

salt acid new salt acidic oxide water, 

K acid ia not formed, but an acidic oxide and water are 
Minced. Reasoning from the results of Exp. I and 2 we should 
3 expected carbonic acid (H,00^) to be produced in the 
Hit exp. ; this acid, if it exists, ia extremely unstable and 
y eaaly decomposed into an oxide and water. 
a Exp. 3 an acid waa produced, part of which was decom- 
1 under the experimental conditions ; in the present Exp. 
cad has probably been produced, but at the moment of its 
idaction it has been decomposed into an oxide and water. 
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Expi 6. Allow moderately concentrated gulphurie aad \ 
retuit with a little potaetium iodide ; lead the gas produced \a\ 
water ; prove (I) that the solution contains an acid ; (3} thi 
this acid is hydriodic, hy adding ailmr nitrate aiiil oblaintng 
pale yellow pp. of gilvnT iodide (Agl) insoluble, in 
solution. Prove that the residue in the flask, after remov 
the excess of sulphuric acid by evaporation and heating, 
potoBsium sulphnte. 

Notice that a greyish violet solid is formed in the neck 
the flaslc. Remove a little of this solid to a test tube : pro< 
that it is slightly soluble in water; and very soluble in i ' 
giving a brovm liquid, a d/rop or two of lohielt added to a V» 
little starch, which has been boiled with a good deal of wai 
ajid allowed to eool, produeet a deep blue colour (so-called iodii 
of starch). These reactions prove that the solid is iodine. 

In this reaction a new acid (hydriodic) has been produced! 
but part of this acid interacts with the excess of sulphuric '. 
present to produce iodine Ac. Thus 

(1) 2KI + H^0,= K,SO,+ 2HI 

salt acid new salt new acid. 
(2) 2HI + H,SO, = 2H,0 + SO, + 2I. 

In this chapter you hare learned that the normal prodi 
of the reaction between an acid and a salt are, (1) 
composed of the metal of the original salt and the radicle of tl 
acid used ; and (2) a new acid, composed of the acid radicle ' 
the original ealt and the hydrogen of the acid used. Yoa hai 
learned that secondary changes frequently occur, genei 
resulting in a change of part, or even the whole, of the new ao 
produced into less complex compounds or into its elements. 

Incidentally, you have learned tests for an iodide and 
bromide. 

Exp. 7. Youaregiventhesalte(Ayic(w:efate(C,H^.C,Hp, 
determine whether the reaction which occurs when this s^t 
heated with hydrobromie acid follows the course of the nom 
reaction between an acid and a salt. You are told that etkyU 
bromide is a liquid about 1^ times heavier than, and insolubl 
in, water; you are also told that the test for acetic aeid a 
in exactly neutralising with ainnwnia and adding ferric chlorid 
solution, when a red colour (due to formation of ferric aeeta 
is produced. 

Reference to "ELEMENTARY CHEMiaTRY " ; Chaps. IX. 8 

XI. 
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Exp. 1. Mis about 2 grams of potagsium chloride with 
almut S graiDS of manffanete dio^cide ; place the mixture in A 
flask fitted with, a cork, exit tube and funnel tube, as shewn 
in fig. 20, {p. 53); let the exit tube pass into a dry jar; set 
the apparatus in the draught place ; pour a little concentrated 
gulpkuric add diluted with its own weight of water down the 
funnel tobe into the flask, and warm gently. 

A greenish-yellow gas colleata in the jar. This gas is 
chlorine. 

Exp. 2. Conduct an experiment similar to Exp. 1, but 
use potOHsium bromide in place of piotasBium chloride. 

A reddish-brown gas, condensing to dark-red drops, collects 
in the jar. This liquid is bromine. 

Exp. 3. Place a mixture of about 2 grams potaxwira 
iodide and 3 grams manganese dioxide in a small retort 




Pia. 21. 
arranged so that the beak passes ini 
21). Add some aulphv/rie acid and >s 



1 dry flask (Fig. 
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A violet coloured vapour appears, and condenses on the 
colder parts of the retort, &nd in the flask, to & lustroos, 
greyiah-violet, aoUd. This solid is iodine. 

Chlorine, bromine, and iodine, are prepared from similar 
compounds under similar conditions. The reactions which 
occur in Expa. 1, 2, and 3 may be thus represented ; 

2KX + MnO, + 2H,S0, = K,SO. + MnSO, + 2H,0 + 2X 
where X = C!,Br, or I. 

Exp. 4. Place about 20 grams potagHum chloride in a 
flask arranged as shewn in fig. 20 (p. 53), Powr concentrated 
sw/pAi*™ acid into the flask ; collect (by downward displace- 
ment) the colourless, strongly acid-smelting, gas which is 
produced in dry jars ; fill three jars with the gas ; cover each 
jar with a well greased glass plate and set it aside. 

The gas produced is hydrogen c/daride (HCl). The reaction 
which proceeds in this Exp. is 

KCl -h H,SO. - KHSO, ■(■ HCl. , 

Exp. 5. Place a crystal or two of potasmwm iodide in a 
test tube, add a little concentrated sulphuric acid and warm ; 
violet vapours condensing to a greyish-violet solid, are produced. 
Iodine is evidently produced. But chlorine was not produced 
in the similar experiment with potassium chloride and sulphuric 

Exp. 6. Repeat Exp. 5, but use a crystal of potasgium 
bromide in place of potasaium iodide. Bromine is formed. 

Exp. 7. You are given concentrated aqueous solutions 
of hydriodic acid (HI) and hydrobromic acid (HBr); to a little 
of each add a little concentrated gulphuric acid, and warm - in 
one case iodtTie, and in the other case bromine, is formed. 

The results of Exps. 1 to 3, and of Exp, 4 would lead you 
to suppose that hydrogen iodide would have been produced in 
Esp. 5, and hydrogen bromide in Exp. 6 ; but the results of 
Exp, 7 shewed that if these compounds were produced by the 
interaction of warm concentrated sulphuric acid with potassium 
iodide and bromide, respectively, they would be decomposed. 

Exp. 8. To small quantities of the solutions of hydriodic 
and hydrobromic acids used in Exp. 7 add some syrupy stdo^J 
tion of phosphoric acid (solution of phosphoric acid — H,POj— ^" 
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ao ooDcentirated as to be viscid), aad warm ; neither iodiue nor 
lifomine is formed. Therefore it may be possible to procure 
hydrogen iodide and bromide by reactions between potassium 
iodide, or bromide, and phosphoric acid. 

Exp. 9. Heat together small quantities of a yery con- 
centrated solution of phosp/torio acid and (1) potassium, 
bromide (2) jiofaaaium iodide. In each case conduct the 
experiment in a test tube fitted with a cork and exit tube 
passing into a dry test tube. A colourless acid-smelling gas 
is produced in both experiments. These gases are hydrogen 
bromide (HBr), and hydrogen iodide (HI), respectively. The 
reactions which proceed in this Exp. ai-e 

2K:X + H,PO, = K,HPO. + 2HX, where X = Br or I. 
These compounds are more easily produced by decomposing 
phosphorus bromide or iodide by water; 

PX, + 3H,0 = H„PO, + 3HX, where X = Br or I. 

Exp. 10. Arrange a dry flask 
Place about 2 grama of red amorphi 




"6 grams of ioditie in the flask; heat gently ; the two elements 
I eombine to form nearly black phosp/ioroug iodide (PI,). Place 
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the cork with it« tu1>es in the flnsk ; nearly till the fannel tube 
with water, and allow the water to flow drop by drop into the 
flank ; the decomposition PI. + 311^,0 = 3HT + H,PO, proceeds; 
the hj/tiro/jen wUfle passes oti' as a gas, the phosphorous acid 
remains in the flask, Fill three dry jars with the gas ; cover 
them with rvell greased pliitea, and set them aside in t/te dark. 

Exp. 11. Repeat Esp. 10 but use bromine in place of 
iodine. A colourless, fuming, irritant, gas is produced. This 
gas is liydroyen bromide. Fill three jars with the gas, cover 
them with well greased plates, and set aside. 

You must now compare the properties of the three gases, 
hydrogen chloride (HCl), hydrogen bromide (HBr), and hydro- 
gen iodide (Hf), which you have prepared. 

Exp. 12. Bring a bottle of each gas, mouth downwards, 
under water, and remove the plates ; the water rapidly rises 
in each jar. After a few minutes slip the plates under tlie 
mouths of the jars, and reverse them. 

Examine the three liquids with litmus \ each turns blue 
litmus red. 

Neutralise a portion of each solution by caustic potaih ; 
evaporate the liquids to dryness at 100°, and heat the residue 
for a few minutes. Prove that each of the white solids thus 
obtained is a compound of potassium, and that one is a 
chloride, one a bromide, and tlie third an iodide. 

The reactions which have occurred arc represented thus ; — 
KOHAq + HXAq - KX Aq + H,0. 

The test for an iodide or bromide is baaed on the facts ; 
(1) that either is decomposed by chlorine giving a chloride, 
and iodine or bromine; (2) that iodine and bromine dissolve 
very readily in carbon disulphide and colour this liquid violet 
(iodine) or reddish-brown (bromine). 

To test for an iodide or bromide dissolve in a little u 
add a little cAlorine-toater, sJiake up, then add a littk 
disulphide and shake again ,- the carbon disulpliide a\ 
the bottom of the lube vnthout miseing vnth the liquid; 
coloured vioht, an iodide vxis present, if reddish brvum, i 
bromide was jtresent, in the original liquid. (Comp. Gha^. .Tfl 
Exps. 206.) 

Exp. 13, Into jars of hydrogen chloride, hydrogen I 
mit&, and ?i,ydrogen iodide, respeoti-veVy, ^axt a '^'t'Asb < 
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Jntrated niCric acid; notice that the bromide and iodide are 
Boomposed with production of bromine and iodine, respectively, 
lot that the chloride is unchanged. 

Exp. 14. Expose jars of the three gases to direct furdight; 
pibe bromide and iodide are slowly decomposed, with separation 
f bromine and iodine, the chloride ia unchanged. 

The thrwe compounds HCl, HBr, HI, are then produced 
1 similar compounds under Bomewhat similar conditions ; 
^e compounds aU dissolve in water to form acid solutions 
pliich react with alkalis to form similar salts. 

The compound HCl is much more stable as regards the 
1 of sunhgbt and oxidising agents such as nitric acid, 
[I either HBr or HI. 

Exp. IB. Place a saturated aqueous solution of hydro- 
^oria acid in a V aliaped tube ; roll two copper wires round 
s of hard gas carbon ; immerse these pieces of carbon in 




B liquid and attach the other ends of the wires to the plates 
[ a batteiy (Pig. 23). Hydrogen is evolved at the negative 
otrode, and after some time chlorine at the positive electrode. 

Exp. 16. Place a very little mercury in a bulb-tube of 
"lard glass; connect one end of the tube with a chlorine- 
generating apparatus, and in the other end pla«e a corfc 
carrying an exit tube passing into a dry flask. Set the uiliole 
apparatiLS in Uie dramght cupboard. Pass a slow stream of 
chlorine over the mercury while you warm the latter : a ■wliita 
solid is jirodueed and collects in the ex\t tu\j6 as\4 snuiSi R 
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Mercury and chlorine combine directly to form mercuri 
chloride (HgCa,). 

The fumes of jnerc%vry and of tiierev/ry ctrni^mu/nds are ver 
poisonoug. 

Exp. 17. Pot two very small quantities of viercwy it 

two clean mortars ; to one add a few crystals of iodine and 
drop or two of alcohol ; to the other add 2 or 3 drops ( 
bromiTie. Rub the contents of each mortar together wit 
a pestle. 

The iodine and bromine combine with the mercury to fort 
red mercv/ric iodide (Hgl,), and white mercuric bromidi 
(HgBr ), respectively. 

Oblorine, bromine, and iodine, combine directly with mai^ 
elements to form conipouuds having similar compositions, and 
generally, similar properties. 

Exp, 18. You are given solutions of OMtimony chhrid 

{8bClj) in hydrochloric acid, atUimony bromide (SbBrJ f 
hydrobromic acid, and antimony iodide (Sbl^) in hydriodic adfl 
pour a little of each solution into a large quantity of water a 
notice the pps. which are produced. These pps. are oxi/ehlorid« 
oxyhromide, and oxyiodide, of antimony, respectively ; thri 
compositions, and the conditions under which they are obtained 
are similar; thus SbX, + H,0 + Aq = SbOX + 2HXAq when 
X = C1, Br, orl. 

The reactions between aqueous solutions of alkalis and t 
three elements, chlorine, bromine, and iodine, are simila 
compounds of similar compositions and similar properties are 
produced under similar conditions. 

Exp. 19. Into a cold solution of the alkali potatsium 
hydramde pass chlorine until the liquid smells of chlorine ; theil 
add a drop or two of potassium hydroxide solution. Tha 
solution now contains potasaiiim c/Uoride (KCl) and hypochl&ritt 
(KCIO). The latter salt is decomposed by acids with evoln 
tion of chlorine which bleacliea a piece of madder-dyed cloth. 
Place a small piece of madder-dyed cloth in the solution ycn^ 
have just prepared and add a little hydrochloric acid; thf 
cloth is slowly bleached. 

Exp, 20. To a cold solution of pofaagium, hydroxide 
bromine, drop by drop, until the liquid has a faint yello'W 
colour; then add two or three drops of potassium hydrozid^ 
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lolntion; immeree a piece of madder-dyed cloth in the liquid 
md add a little hydrochloric acid ; the cloth is slowly bleached. 
The reactions which occurred in Expa. 19 and 30 may be 
represented thus \— 

2K:0HAq + 2X = KXAq + KXOAq + H,0. 

Exp. 21. Perform an experiment similar to 19 and 20, 
hit uae iodine in place of chlorine or bromine : tlie liquid 
■rhich is produced does not bleach. No compound o£ iodine 
kalogous to KCIO and KBrO has been obtained. 

Exp. 22. Perform t/iis experiment in the draught- 
iupboard. Make an aqueous solution of the alkali potas- 
1 hydroxide {3 parts of the alkali to one part of water); 
nivide it into three parts and heat two of these to boiling. 
mto one portion pass r-Ulorine until the liquid smellB of 
die gas ; then evaporate to about half the bulk and set 
^ide to cool. To another portion of the tailing potash add 
"ne, little by little, until the liquid remains slightly yellow; 
raporate to about half the bulk, and set aside to cool. 
fro the third {cold) portion of the potash solution add bromine 
^jntil the liquid remains distinctly reddish yellow ; heat to 
boiling; add a few drops of bromine; evaporate to about 
half the bulk, and set aside to cool. The three liquids 
deposit white crystals, mixtures of polasaium chloride and 
■ 1, bromide and bromate, iodide and iodate, respectively, 
s which have occurred are these ; 6KI0HAq + 6X 
f.5KX + KXO^ + 3HO. 

Potassium chloride is much more soluble in cold water 

ium chlorate ; potassium iodide is soluble, but 

potassium iodate is nearly insoluble, in alcohol ; potassium 

bromate is more soluble in alcohol than potassium bromide. On 

these facts may be baaed methods for obtaining approximately 

lire potassium chlorate, bromate, and iodate, from the mixtures 

E these salts with chloride &c. prepai-ed in the earlier part of 

"s Exp. 

Pour off the mother liquor from each crop of crystals. 

Wash the crystals obtained by using chlorine repeatedly 

*!th gmiUl quantities of cold water, continuing this process 

mtil the washings cease to give the reaction with silver nitrat« 

'laracteriatic of a chloride. Dry the crystals which remain, 

sel them KCIO^, and set aside. 

Very sUghtly warm the two other crops of cystals with 



64 PRACTICAL CUEHISTRT. [cHAP. xn. 

moderately strong alcohol. Kepeat the treatment in the case of 
the crystals obtained by using iodine until a fresh quantity 
of alcohol dissolves only a very little of the solid; then dry 
the residue, label it KIO3, and set aside. 

Repeat the treatment with cold alcohol two or three times 
in the case of the crystals obtained by using bromine; then 
evaporate the alcoholic liquid on a water bath to about half 
its bulk; allow to cool; collect and dry the crystals which 
form, label them KBrOg, and set aside. 

Examine the appearance of the three salts you have prepared; 
prove that each is soluble in a large quantity of cold water ; 
that each is decomposed by heating in a dry tube, with evolu- 
tion of oxygen, and production of a white residue which is 
potassium chloride, bromide, or iodide, according as it is 
obtained from potassium chlorate, bromate, or iodate. 

The decomposition of the chlorate <fec. by heat, is represent- 
ed thus ; KXO3 = KX + 30, where X = 01, Br, I. 

The three elements chlorine, bromine, and iodine evidently 
exhibit similar chemical properties ; they form similar com- 
pounds under similar conditions. 

Be/erence to "Elementary Ohemistry" Ohap. XI, pars. 
149—169. 



CHAPTER XIII. 



CLASSIFICATION OF ELEMENTS (contimied). 



The elements magnesium, zinc, and cadmium are placed 
in the same class. 

Exp. 1 . Observe the prominent physical properties of the 
three elements ; their ha/rdness, malleability, lustre, and colour. 
Prove that each is a good conductor of electricity by placing 
each in a circuit including an electric bell, as shewn in fig. 24. 




Fig. 24. 

The ringing of the bell proves that the current is passing 
through the magnesium, zinc, or cadmium. 

M. P. C. ^ 
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Exp. 2. Pftas an electric current through 
aqueous solutions of (1) inagnesiam mdphain, 

(2) cndminin sidpfuile, (3) sirjc sulphate, to each 
of which you have added about ^ or -j^ of its 
volume of concentrated sulphuric acid. 

The arrangement of the experiment is shewn 
in fig. 25. Notice that a greyish white solid 
forms on the negative electrode in each case; 
these deposits are (1) magn«e{um, (2) cadmium, 

(3) aijic Compare the result with that obtained 
in the electrolysis of hydrochloric acid (Exp. 
15, Chap. XII.). 

Fig. 25. 
Exp, 3. Place the end of a piece of magnesium ribborf-^ 
or wire in the flume of a Bunseii-lamp ; the magnesium is 
rapidly burnt to magnesia with production of brilliant white 
light. Heat some ziiic in an iron spoon over a blowpipe until 
it is quite melted ; then direct a fairly rapid stream of os^ygen 
born a gasholder over the molten metal, keeping the spoon in 
the blowpipe flame. The zinc is burnt to zinc oxide. Repeat 
this experiment with c/cdmium in place of zinc ; the cadmium is 
burnt to cadmium oxide. The reaction in 
M + = MO where M = Mg, Zn, or Cd. 




ndivido 1 



Exp. 4. Shake np a little Tnagiieaium oxide, idne c 
and eadmium oxide, with water for a few minutes; then d 
each into two parts and add to these red and blue litmaB, 
respectively. The red litmus is turned blue, but not deep blue, 
in the case of the magnesium oxide ; the other oxides do not 
change the colour of either the red or the blue litmus. 

Magnesium oxide is then slightly alkaline. 

Add some of each oxide to a little warm sulphv/ric acid, 
continuing to add the oxide until some remains undissolved. 
Filter, and evaporate each filtrate to the crystalliaing point j 
Collect each crop of crystals, dry them, and purify them by 
recrystallisation from water. Prove that the crystals obtained 
by using magnesium oxide are (1) a compound of magnesium, 
(2) a sulphate ; that the crystals obtained by using zinc oxide 
are (1) a compound of zinc, (2) a sulphate; and that the 
crystals obtained by using cadmium oxide are (1) a compound 
of cadmium, (2) a sulphate. 

The production of a yeUow pp. of cadTnium, sulphide (CdS), 
tTigohiblB in mwrm oimmanwan. gulpKvie, loftMi, gulphureCCed 
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s passed into an acidulated soliUioit, is a test for 

le qfeadmiti/m in that solution. 

The three oxides experimented with are tlierefore basic 

' oxides; they interact with acids to produce salts. The change 

which occurred in the formation of the sulphates of magnesium. 

Bine, and cadmium, is represented thus ; 

MO + H^O,Aq = MSO.Aq + H,0, where M = Mg, Zn, or Cd. 

The crystals of the thre 
MS0,.7H,0 when M = Mg ( 

Exp. 6< To aqueous solutions of magnesiuTih eulphate, 
aulpkale, and eadmijim sulphate, add caustic potash; coUect the 
trhitepps. whichareproduce<l,oafilters,and wash each with cold 
■water until the washings are neutral to litmus and free from sul- 
phates. Drythepps. at 100". These pps. are hydroxides having 
the composition MO^H,j where M = Mg, Zn, or Cd. Prove that 
zinc hydroidde is soluble in excess of potash, but the others are 
insoluble, Pla«e a part of each dried pp. in a large, clean, dry, 
test tube, and heat the lower part of the tube. Water is given 
off in each case. The hydroxides are changed to oxides and 
■water ; thus, MO^, = MO + H,0. 

Exp. 6. Repeat last exp. but use eodiv^n carbon/ite i 
place of caustic potash ; ppa. of magnesium, zinc, and cadniiun 
carbonates are produced, with evolution of carbon dioxide i 
each case ; boil the liquids holding the ppa. in suspension for 
aome time ; then filter, wash the pps. with hot water until the 
washings are free from sulphates and carbonates, and dry the 
pps. at 100". You thus obtain the carbonates MOOj, 
bined with more or less of the hydroxides MO^Hj, where 
M = Mg, .Zn, or Cd. Place a small quantity of each carbonate 
in a crucible and heat strongly over a blowpipe flame untiZ a 
very little of the solid taken out and added to a few drops 

!,of dilute hydrochloric acid in a test tube ceases to evolve any 
jfins as it dissolves in the acid. The residues are oxides MO : 
the change which has occurred is MCOj = MO + COj. 

These experiments afford reasons for placing the three 
elements magnesium, zinc, and cadmium in the same class ; 
they also shew that there are slight differences in the chemical 
behaviours of the three elements under similar conditions. 
Be/erenee to "Elembntabt Chemistry." Cha^. XIX.. 




CHAPTER XIV. 

CLASSIFICATION OF ELEMENTS (continued). 

The elements nitrogen, phosphorus, arsenic, anti- 
mony, and bismuth are placed in the same class. 

Compare the prominent physical properties of the five 
elements. 

Nitrogen : a colourless, odourless, gas. 

Phosphorus : a soft, waxy, crystalline, solid ; without 

metallic lustre ; low spec, gravity. 
Arsenic and amtimony: lustrous, grey, brittle, crystalline, 

solids. 
Bismuth : heavy, brittle, lustrous, crystalline, solid. 
Nitrogen, phosphorus, arsenic, and antimony form com- 
pounds with hydrogen, MHg. 

Exp. 1. Arrange an apparatus as shewn in fig. 26. A 
is a dry flask containing a mixture of about 20 grams powdered 
ammonium chloride (NH^Cl) with an equal weight of Hme 
(CaO); this mixture is covered with a layer of lune; jS is a 
tower containing loosely packed pieces of lime; c is a dry 
bell-jar. Have ready another dry jar, and a large dry flask 
to which you have fitted a good caoutchouc cork carrying a 
piece of rather wide glass tube narrowed at the end which 
goes into the flask, with a caoutchouc tube attached and a 
pinchcock on the caoutchouc tube (Fig. 27). Heat the flask 
A on B, sand-tray; ammonia, NHg, comes off*, is dried by 
passing through the lime in j5, and collects in the jar c. 
The reaction is 2NH^C1 H- CaO = 2NH + CaCl^ + H^O ; the 
Jajer of lime absorbs the water produced and prevents it from 
trickling down and so probably breakm^ \.ba ^ask. 




I'ig, 26. 



The jar c is full of ammonia wLen a piece of moiat red 

6 paper held about the place marked a (Fig. 2G) is at once 

tamed blue. When, the jar is full of the gas, cover its 

month with a well greased glass plate, and place it aside, 

mouth doiirmoanh. Fill another jar, and the dry flask, 

' with ammoiiia. When the fiaak is full pass the stream of 

I (unmonia through the caoutchouc and glass tubes, fit the 

I cork tightly into the flask, and at once close the pinchcock. 

Exp. 2. Arrange the flaak, full of ammonia, aa shewn in 
The beaker contains water coloured red by litmus 
lolution. Open the pinchcock ; pour a little ether over the 
ntside of the flask to cool the contents. The water rises in 
9xe tube ; as soon as the water reaches the flask the ammonia 
H veiy rapidly dissolved in itj the pressure inside the flask is 
»pidly diminished, more water is forced up the tube, more 
monia ia at once dissolved, and so on until the whole q£ 
be flaek has been dissolved. 
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The red colour of the litmus is changed to blue. * < 




Fig. 27. 

Ammonia therefore is very soluble in water, and this 
solution acts towards litmus as alkalis do. 

Exp. 3. To one of the jars of armn/cmia add a few 
drops of concentrated hydrochloric acid; white fumes fill the 
jar, and settle down as a fine white solid on the sides. 

This white solid is ammonium chloride ; the reaction is 
NH3 + HC1 = NH,C1. 

Exp. 4. Bring a lighted taper to the mouth of the 
other jar containing ammonia; then pass the taper into 
the jar. The gas does not bum, nor does it support com- 
bustion. 

Exp. 6> Put a little concentrated a/rmnonia solution in a 

small fiask, gently warm the fiask, then place it on the table, 

pass a fairly rapid stream of oxygen through the liquid, and 

bn'ng a lighted taper to the mo\xt\i oi t\i^ flaak. Under these 
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soaditions the ammoDio, bums with a greeiiisli itame; the 
■products lire nitrogen and water, and some times a, little 
1 nitrogen oxide. 

The compound of phospliorus and hydrogen, phosphuretted 
^n or phosphine, PH„, can be obtained by a reaction 
r to that whereby ammonia was made in Exp. 1 ; thus 
PH,I + KOHAq = PHj + KIAq + H^O. But the salt PH,I 
honium iodide) ia rather dJilEcult to prepare. 

Exp. 6. Arrange a small flaak, about 100 to 150 c.c. 
apacity, as shewn in fig. 28. The tube a ia rather wide, it 
I little way through the cork, and carries a piece of 
Mjutchouc tubing fitted with a pinchcock. The l>asin c 




mtains water ; the end of the delivery tube b remains 

teneath the surface of this water. Nearly fill the flask with 

Mrly concentrated potash solution ; put about G or 8 small 

pieces of phosphorite in the flaak ; tit the cork into the flask ; 

coimect a with the gas-tap and pass a stream of coal-gas 

trough the whole apparatus for some minutes. Now stop 

Uttie gas-stream ; at once close the pinchcock near the end of a, 

jid gently warm the contents of the flaak. After a little, 

nibbles of gas escape through the water in c; each bubble 

"re as it comes into the air and burns to a ring of white 

l:flmoke. This smoke consists of phosphorus pentoxide-, the 

tireaction way he represented thus; SPH^ + ^iO — "? Ji^-v'SS.^i. 
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The change which occurs in the flask may be thus represented 
in an equation ; — 

3K0HAq + 4P + 3H,0 = PH3 + 3KH,P0,Aq. 

The gas which is produced in the experiment contains a 
little of the hydride P^H^ ; it is this body which takes fire in 
the air; pure PH3 is not inflammable at ordinary temperatures. 

Exp. 7. Arrange an apparatus as shewn in fig. 29. Put 
some pure granulated zinc and water in the flask A ; B i& & 
tube containing calcium chloride which serves to dry the gas 
passing through it; c is a tube of hard glass narrowed to a 




3t 




-W- 




Fig. 29. 

fine opening at the end a. Pour a little pure dilute svlphv/nc 
add through the funnel tube into A ; allow the escaping 
hydrogen to drive out all the air from the apparatus («. JSa^. 
2, Chap, VI,), and then light the gas at a. Place the appa/ror 
tu8 in the draught place*, and then pour a very small qiuzntity 
of an aqueous solution of a/rsenious oxide (AsjOg) through the 
funnel tube into A, The escaping hydrogen is now mixed 
with arsenious hydride, AsHg. The reaction may be thus 
formulated, As^Og + 12H = 2ASH3 + SHgO. 

In order to bring about this reaction the hydrogen must 
be prepared in contact with the arsenious oxide solution 
{s. Elementary Chemistry, Chap, XI, par. 175). 

* AsH. is extremely poisonous. 
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^B Note the change in the colour and appearance of the flame 
^Ko, and the garlic-like odour produced ; the Eirsenioua hydride 
H^b^ng burnt to oxide and water, thus 
B 2A8H, + 60 = Aa,0, + 3H,0. 

^f Bring a porcelain crucible-lid over the flame ; the arsenious 
HpSde is deposited on the lid as a white, nearly invisible, iilm. 
B^ Now bring a porcelain crucible-lid into the flame aa shewn 
in fig. 28. The supply o£ oxygen is thus limited, and at the 
same time the flame is cooled ; the change which now proceeds 
is chiefly this;— 2AaHj + 30 = 2As + 3H,0. The arsenic is 
fepoaited on the cool surface of the lid. 

Now heat the tube tlirough wliich the mixture of hydrogen 
arsenious hydride is passing at about the point c; a 
ining raetal-ljke deposit of arsenic is slowly formed nearer 
uie open end of the tube than the heated part. This deposit 
is soluble in a solution of bleaching powder. The gas AsH, ia 
decomposed by heat into its elements; the arsenic is deposited 
on the coid parts of the tube, and the hydrogen passes on. 
R^ Turn the tube c so that the open end points downwards; 
^Bt this end dip into an aqueous solution of silver nit/rale 
fngNOg) in a test tube ; after the goa has passed through this 
^Klution for a little, remove the tube, and pour the liquid 
through a filter ; to the filtrate add otie or two drops of 
dilute ammonia solution ; a pale yellow pp. of silver arsenite 
is produced ; add a little more ammonia, the pp. dissolves. 
rtjffaith the black solid on the filter several times with hot 
^nter, then dissolve it in warm nitric acid and prove that the 
Huntion contains silver. The interaction which has occurred ia 
Riresentedthus;— 12AgNO,Aq4-a!AgNOaAq+2AsH,+3HjO= 
■kgNO^q* ASiO,Aq4.12HNO^q+ 12Ag; the silver nitrate is 
^^Uuced by the arsenious hydride. The addition of ammonia 
^Mer filtering neutralises the nitric acid formed in the reaction, 
^Be aFBenious oside then interacts with the silver nitrate remain- 
ing in. solution to produce silver arsenite ; thus, 
■^GAgNOjAq + Aa,03 Aq + SHjO = 2AgsAaO, + eHNOjAq. 
^V Exp. 8. Arrange another apparatus as shewn in fig. 39, 
^Dd conduct a series of experiments as described imder Exp. 
^B) but use a solution of an antimony compound (an aqueous 
HuDtiftn of tartar emetic KSbC^HiO, will do well) in place of 
^■nnious oxide. 

^H Note (1) the colour of the fiame o^ &« tov%.\.vv[« (& 
^M^ bydrogea and antimony ^ijdridB l^tiS-^ ■, 
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(2) the appearance of the deposit of antiinotiy on 
the porcelain lid ; 

(3) the position and appearance of the deposit of 
antimony on the tube, and its insolubility in 
bleaching powder solution ; 

(4) the fact that after passing the gas through silver 
nitrate solution, and filtering, no antimony 
remains in solution ; — prove this by adding 
hydrochloric acid to the fi]trat«, filtering off the 
pp. of silver chloride so produced, and passing a 
little sulphuretted hydrogen into the filtrate; 
no pp. is formed ; had antimony been present 
orange-red SbjS, would have been precipitated. 

The interaction between antimony hydride and silver 
nitrate in solution may be represented thus ; — 
Sji^NO, Aq + ajAgNO^q + SbH, = Ag^b + 3HN0^q + 

asAgNOjAq. 

Ezps. 1 to 8 exhibit the methods of preparation and some 
of the important properties of the hydrides MH, when M = N, 
P, AB,ab. 

The five elements, nitrogen, phosphorus, arsenic, antimony, 
and bismuth form each more than one oxide; we shall prepare 
some of the oxides having the composition M,0, and examine 
their properties. 

The oxide Sfi, is obtained by partially deoxidising nitric 
acid (HNO,). 

Exp. 9. Place about 6 grams artenious oxide in a test 
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tube ajTanged vitb a cork and exit tube passing into a U tube 
as shewn in fig. 30. Add about 20 c.c. of a mixture of equal 
volumes concentrated nitric add and water. Surround the U 
_^nbe with a Diixtnre of ic« and salt and gently heat the test 
A blue-coloured liquid collects in the U tube ; this is 
[ppDre NjO,; — 

2HN0, Aq + 2H,0 + Aa,0, = 2H^0^ Aq + N A- 
?nt about 20 c.c. of water in a beaker surrounded by ice, and 
% little time add 3 or 3 c.c. of the blue liquid from the U 
llbe. Now prove (1) that the solution has an acid reaction to 
s paper, (2) that it contains nitrous acid, 
(N,0, + HjO = 2HN0^q). 
To tett for nitrout add or nitrites, add a /eu> drops of n» 
* iolulion of potassium iodide (EI) and a very lUtle 
starch paste (prepared by boiling a very small quanlily of starch 
with water and allowing to cool) to the acidulated liquid; a 
bine colour, due to "iodide of starch," is produced. The reaction 

I is 2KN0,Aq + 2KIAq + 4HC1 - +KClAq + 2H,0 + 2N0 + 1,. 
Exp. 10. The oxide P5O3 is prepared by oxidising phos- 
lifaoras in a limited supply of air. This oxide interacts with 
water to form a solution of phosphorous acid, H^POjAq. 

The apparatus represented in £g. 31 consists of a piece of 
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hard glass tubing, a, narrowed at one end 6, and fitted at the 
other end with a cork carrjring a tube which passes into a dry 
two- necked bottle, c, this bottle communicates with a large 
bottle or jar, d, as shewn in the figure ; the tube e acts as a 
syphon, it is furnished with a stopcock y! 

Fill the bottle d with water; arrange the apparatus as 
shewn; then cut three or four small pieces of phospkorua 
from the middle of a stick of phosphorus and place them in 
the tube a. Partly open the stopcock y*; a slow current of 
avr is sucked through the entire apparatus. Now gently heat 
the phosphorus; it is burnt in the limited air-supply; the 
chief product of the burning is P^Og, which collects, as a 
white solid, on the cool parts of a and in the bottle c. Stop 
the process before the whole of the phosphorus is burnt; 
prove that the white solid obtained dissolves in water and 
that this solution contains an acid. 

The oxides As^Og, Sb^O , and Bi^Og, may be prepared by 
burning the elements As, Sb, or Bi, in air or oxygen. The 
oxides ASgOg and Sb^Og are slightly acidic, and Sb^Og is also 
feebly basic ; Bi^Og is basic. 

Exp. 11. Prove (1) that a/raenioua oxide (As^Og) is very 
slightly soluble in water and that the solution scarcely affects 
the colour of blue litmus paper; (2) that curUimonioys oxide 
(SbgOg) is almost insoluble in water ; (3) that hiamuthous oxide 
(Bi Og) is quite insoluble in water. Dissolve a little Sb^Og 
and BijOg, separately, in concentrated sulphwric acid, evapo- 
rate, and allow to crystallise ; in each case crystals are 
obtained ; these crystals have the composition M^SSO^ where 
M = Sb or Bi. 

To a little antimonioua oxide add some concentrated nitric 
acid, and heat; the oxide does not dissolve; the white solid 
which remains is a mixture of Sb^O and Sb^O^. 

To a little hismuthovs oxide add some concentrated nitric 
a^idf and heat ; the oxide dissolves ; evaporate the solution, and 
allow to crystallise. The crystals which separate are bismuth 
nitrate, BiSNOg. 

The oxides M^O,, when M = !N', P, As, or Sb, are acidic 
oxides : when M = Bi the oxide is a peroxide possessed of 
exceedingly feeble acidic functions ; this oxide interacts with 
acids to form the same salts as are obtained from Bi^Og. 
NjOg is prepared by removing water from HNOg; P^Og by 
burning P in excess of air or oxygen; ASgO^ and Sbj^O^ by 
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evolving oxygen in contact with tlio elements, or the oxides 
M,Oj, by the decomposition of concentrated nitric acid ; and 
BijOg by evolving oxygen in contact with BijO^ in presence of 
much potash or soda. 

Exp. 12. Bum a small piece of phosphorug in a large 
bottle full of air : dissolve the white solid wliit-h is formed 
(P 0„) in water and prove that the solution tnnis blue litmus 
red. {i. aho Etcpa. 15 and 16.) 

To A small quantity of arsenioua oxide add some concen- 
trated ni6rie aoid, heat for some time, then pour ofi' the 
remaining acid, add more concentrated nitric acid and heat; 
then evaporate in the draught place just to dryness, and raise 
to a low red heat. Collect the AsjOj which remains and then 
dissolve it in water ; prove that this solution contains an acid, 
1 that this is arsenic acid. 

To ieat/or iM'senie acid (H^AaOj) add stiver nitrate, when a 
i pp. o/ sillier (vnenate, Ag^AsO^, forms; this pp. w soluble 
1 hot eoTicentrated nitric acid, and is repreeipilaled on con- 

•ation and cooling. 

Arrange an apparatus as shewn in fig. 32. Into the flask 




put several lumps of matiganese peroa^de (MnO^); put diluf« 
pnWt solntion in the bottle b ; the tube c \s -w^-Aftt yv\Kn. "Ooe. 
delirer/ tube from a; rf is a tube about "VQ ifiifi. ■«\ifc «X. *^i.* 
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open end and narrowed at the other end so its to be easily and 
firmly connected, by caoutchouc, with the delivery tube fromJIi 
Put a little bismiil/wfu oxide and a quantity of a eiyiuphteiy soM- 
rated aqueous solution of pota»h in the baein li. Arrange UiS 
whole apparatus so that the flask a can be heated by a Bunsea- 
lamp; pour Home concentrated hydrochloric acid into a, and . 
gently warm the flask. Chlorine is evolved (a. Ciiap.XII. Eap.\)\ 
any traces of acid carried over from a are absorbed i 
Continue passing chlorine into the boain B until the liquid 
smells distinctly of chlorine ; then remove a by drawing tbe 
delivery tube out of the wider tube c, and set the Sosk asid&. 
Heat the contents of fi to boiling ; then add more potash, axA 
again pass in chlorine until there seems to be no farther 
change in the appearance of the solid matter in the basiai 
In this reaction potassium hypochlorite (KCIO) is produoecl 
and is again decomposed (KClOAq heated in presence of a 
alkali gives KCl + O), and the oxygen thus evolved oxidisM 
theBi^^O^to BijOj. Pour off the liquid from the reddish s '* 
in B, wash the solid repeatedly with boOing water, then with S 
little dilute warm nitric acid to remove the last traces <^ 
potash which are retained by the Bi^O^, and then again with 
hot water to remove the nitric acid. 

Dissolve the Bi^O, thus produced in warm concentrate^ 
sulphuric acid and prove that oxygen is evolved during tb$ 
solution. On evaporation and crystallisation, the salt Bi^SBOf 
separates out {camp, Exp. 11). 

The most important acids of the elements we are consideriujf 
are nitric acid and the three phosphoric acids. 

Exp, 13. Put about 20 to 30 grams of potassium nitratt 
into a stoppered retort, arranged with ( ' 
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fig. 33. Pour enOTigh concentrated siilphurio acid into the 
ietort to completely cover the crystals of potasaium nitrate. 
<Place the receiver in cold water, and allow a stream of water 
to flow over its outer snrface. On wamiing the contents 
■of the retort, nitric acid is formed, and is condensed to a 
yellowish liqnid in the receiver ;— KNO, + H,SO. = KHSO, 
HNO,. 

Part of the nitric acid is decomposed by the action of the 

b sulphuric acid, giving water, oxygen, and brown fumes 

<rf nitrogen, tetroxide, N,0,. Boil a little nitric a«id in a 

ttsall flask arranged with a cork and exit tube dipping under 

uter, and prove that oxygen is evolved ; notice also the 

rown gas which is produced. The change may be represented 

lUB 

2HN0, = H,0 + + N,0,. 
'itric acid then ought to act as an oxidising agent. To prove 
'that it does thus act, perform the next Exp. 

Exp. 14-, Pour a little of the nilnc acid you have pre- 
Bared, drop by drop, on to some powdered oiUiTnony in a basin ; 
Jib antimony is oxidised to white antimony oxide (SbjO,). 
I. We shol! now take advantage of the oxidising power of 
initric acid in order to prepare phosphoric acid from phos- 

Expi 15. Place a few small pieces of phosphorus in a 
add some concentrated nitric acid, and heat si 



jbnwu gas (chiefly NjOj) is evolved ; then add a little more 
litric acid ; and repeat this treatment until the phosphorus 
IB been wholly dissolved. Heat the baain over a low flame 
: the draught place until the liquid becomes thick and 
BTupy ; add a little water, and heat again. The unchanged 
Htric acid is thus removed, and a concentrated solution of 
tbophosphoric acid (HjPOj) remains 

2P + 10HNO,Aq = 2H3PO,Aq + 2H,0 + 5N,0.. 
Ifeutralise a »m,aU quantity of (Ais aolvtion by ammonia, 
\d then add silver nitrate solution ; a pale yeliow pp. of silver 
trthophosphate (AgjPOJ is produced 
' Now dissolve a little phosphorus pentoxide (Pfi^) in water; 

lil for Borae time, and prove, by the foregoing teat, that the 

olution contains orthophosphoric acid. The change is 
P.jO, + 311,0 t Aq - aHjPOjAq. 
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BoU the rest of the solution of orthophosphorie acid wh 
ynu prepared to dryness in a platinum dish, and continue to h 
the residue over a Bunsea-lamp for some little time. On 
cooling, you obtain a. solid glass-iike mass. This is ineb 
phosphoric acid HPO, (H,PO. - H,0 - HPO,). Dissolve thi 
solid in water, and test the solution ; (1) by neutralieing b 
atntnonia and adding silver nitrate solulitm, a white pp. qfnhtii 
metaphoaphate ( AgPO,) is formed ; (2) hy adding am. albumat- 
containing Hguid {a very little white of egg shaken vp toith ti 
MWfer), the albumen is coagulated and precipitated. 

Now dissolve a little phosphorna pentoxide in a very littl^ 
icB-cold water, and prove that this solution conttuns rnelw 
phosphoric acid. The change is 

PjOj + ILO + a little Aq = SHPOjAq. 

There ia another phosphoric acid, called pyrophosphorit^ 
HjP,0, ; this may be obtained by heating orthophosphor" 
acid to about 250° until water is no longer remove 
(2H,P0j - H,0 = HjPP,), but it is more easily prepared fron 
lead pyrophosphate, which may be readily obtained froQ 
sodium pyrophosphate, whicli salt is itself produced by heatii^ 
ordinary sodium orthophosphate. This process ia re 
sentative of a commonly employed method for preparing a 
from their salt«. 

Exp. 16. Prove, by the silver nitrate test (Exp. ISJ 
that oniinary sodium phosphate is a salt of ortfaophospboi: 
acid. Now heat some sodium phosphate to redness in 
platinum dish as long as there is any apparent change. AUoiif 
the solid residue to cool, dissolve in cold water and apply ths 
following tests to small quantities of the solution : — 

(1) silver nitrate ; a white pp. ia produced. 

(2) albumen is not coagulated, after the solution hai 
been acidified by acetic acid. 

The salt you have prepared is sodium pyrophosphate ; thft 
change from orthophosphate may be thus represented; 
2Na,HP0^ - 11,0 = Na.P,0,. 

Prepare lead pyrophosphate, PbjPaOn by adding aa 
aqueous solution of lead nitrate to the remainder of tha 
solution of sodium pyrophosphate ; collecting the white pp. 
which forma, and washing it with cold water until the 
washings are free from nitrates ;- — 

(Na,P,0,Aq + 2Pb3N03 Aq = Pb^P^Ov + 4NaN03Aq). 
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Now suspend the greater purt of the lead pjrophoBpliate in 
cold water, pass a stream of washed sutphuretted hydrogen 
(H,S) thi-ough the liquid until it smellE decidedly of the gas; 
then add the remainder of the lead pyrophosphate, in order to 
move the excess of H^S which is present, and filter off the 
I. of PbS and excess of Pb,P,Oj. The chajiges which liave 
Bcurred may be represented thus : — 
Ph,PA + -A-q + a^,S = 2PbS +H.P,0^q + (a!-2) H,S; 

B remaining H^S is decomposed by the Ph^P^O, added, 
1 the excess of FbgPiO, remains unchanged. 
Keutralise by anunonia the aqueous solution of pyrophoB- 
phoric acid which you have thus prepared ; and prove that it 
then gives the same reactions as the solution of sodium pyro- 
phosphate already tested. Boil a portion of the solution and 
I prove that it now contains orthophosphoric acid (HjP,OjAq 
|+H,0 = 2H,P0,Aq). 

The foregoing exps. (13 to 16) have taught us that the 

r oxide NjOj interacts with water to form one acid only ; and 

that the oxide P^O, interacts with water to form three distinct 

ooids : of these, orthophosphoric (lIjPO,) is the most stable, 

as regards the action of heat, in aqueons solution, but metaphos- 

phoric (HPOJ is the most stable, as regards the action of heut, 

wlien in the solid state. (For some account of the acids 

obtained from the oxides of arsenic and antimony, see 

Elkmektaby Cheuistht, Chap. XL pars. 214 — 217.) 

H^ We shall now perform a few experiments illustrative of 

^■^e preparation and properties of some of the sulphides of the 

^Bilements we are considering. 

Exp. VT. Through solutions (i) of arsenioug oxide in very 
dilute hydrochloric acid, (ii) of Uwtar emetic in very dilute 
hydrochloric acid, (iii) of hiamuth chloride in very dilute 
hydrochloric acid, pass stdphuretled hydrogen gas ; collect the 
3. which form and wash each two or thi«e times with water, 
e composition of these pps. is represented by the formula 
M^S^ where M = As, 8b, or Bi. 
To separate smaU quantities of each pp. add (i) ammonium 
mdpKide solution, (ii) potash solution, and warm ; the sul- 
phides of arsenic and antimony dissolve in each case, the snl- 
^^jhide of bismuth remains unchanged. 

^^C To the solutions in ammonium sulpliide add a good deal of 
^^BboAo/; white crystals are pptd. These crystals are ammon- 
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ium thioarsenite, (NH^)3AsS3, and thioantimonite (NH4) SbSj, 
respectively. The changes which occur when AsjS, and SbjSj 
severally interact with ammonium sulphide may be represented 
as follows : — 

As^S, + 3 (NH,),S = 2 (NH,),AsS3, 
Sb^S, + (NHJ^S = 2 (NH,)SbS,. 

The sulphides of arsenic and antimony, MgSj, are therefore 
acidic, i.e. they interact with sulphides of very positive . 
elements, or with sulphides of the positive compound radicle 
NH4, to form salts. The corresponding sulphide of bismuth, 
BigSg, is not acidic. Compare the properties of the oxides 
MgOj with those of the sulphides MjSg where M = As, Sb, or Bi. 

The foregoing experiments shew that the elements nitrogen, 
phosphorus, arsenic, antimony, and bismuth are analogous in 
their chemical properties ; and that as the combining weights 
of the elements increase the elements become more metallic 
and less negative. 

Reference to Elementary Chemistry, Chap. XI. pars. 206 
—225. 
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These elements form hydrated oxides MO . 3H,0 wliere 
l£=Cr, Mn, or Fe. 

Exp. 1. To solutions o£ (i) ferric chloride (Fe^Ol^), and (ii) 



o£ (i)/« 
, add a 



K 



Jution. Collect the pps. which form ; wash them repeatedly 
srith hot water ; and prove that a small quantity of each 
lives readUy in hydrochloric acid ; set these solutions 
evaporating in the draught cupboard, {em next Ea^.). Now 
place the rest of each pp. in a small basin and heat these at 100° 
BO long as water comes off. The solids have now the composition 
M,Oj.3HjO where M = Fe or Cr. Heat these solids strongly 
over a Bunsen-lamp ; water is removed and the oxides MgO^ 
iJBmain, Prove that the oxides thus prepared are nearly in- 
Bcduble in concentrated hot hydrochloric acid. 

From these reactions we would expect that a solntion of a 
manganic salt (say manganic chloride) would interact with 
ammonia to produce a pp. of the composition MngO^.SHjO. 
But the salts of manganese corresponding to FejClj and CraOl, 
are extremely unstable and can hai-dly be obtained even 
approximately pure. 

Exp. 2. Add some ammonium c/Uoride and then a slight 
'^eesB ot ammonia to an aqueous solution of manganous 
^tfUoride (MnCLj); an almost white pp. of manganous hydrate, 
^fciO.HjO, forms. Pour the contents of the tube into a large 
stoppered bottle, and shake up the pp. repeatedly, removing 
Rfce stopper at intervals and blowing in ites\v aw^^\).>ia ct ^m 
'^^e pp. alowly turns brown ; tlie brown so^d eveivtiisS.'^ "^Tft- 
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duced is hydrated manganic oxide, MnaOj-HjO. (Compare the 
composition of this compound with that of the compounds 
produced from ferric and chromic chlorides; Mfi^,STifi,) The 
change which has proceeded in the bottle may be thus shewn ; 
2MnO.HaO + O (from air) = MnaOj-HaO + HaO. CoUect the 
brown solid on a filter, wash it well with warm water, dissolve 
a portion in warm concentrated hydrochloric acid, and set this 
solution evaporating in the draught place; keep the rest of the 
Mn203.Hj,0 for the next Exp. 

When the solutions in hydrochloric acid of the hydrated 
oxides MgOj have been evaporated nearly to dryness, each 
yields a solid on cooling ; these solids are yellow-brown ferric 
chloride FejOlg, greenish-violet chromic chloride CrgClg, and 
slightly pink manganous chloride MnCl^^HaO. 

Exp. 3. To solutions of ferric chloride (FegClg) and 
chromic chloride (CraOlg) add a solution of catistic potash until 
a pp. is formed in each case. These pps. are FeaOg.SHgO and 
CraOg.SHjjO respectively. Now add a considerable excess of 
potash to each pp., the CrgOg.SHaO dissolves but the precipitat- 
ed ferric hydrate remains unchanged. Now add a considerable 
quantity of potash to the pp. of Mn203.H20 remaining from 
Exp. 2; it remains unchanged. Hydrated chromic oxide 
therefore differs from the corresponding compounds of iron and 
manganese in being soluble in a solution of caustic potash (or 
soda). As solutions of oxides in caustic alkalis often contain 
salts the negative parts of which are composed of the oxides in 
question (e.g. PaO^ dissolves in KOHAq forming PjjO .3K^0Aq), 
it may be that the fact of the solubility of Crfi^-^Ufi in 
potash shews that CrgOg.SHgO is slightly acidic in its functions. 
(8,Jv/rther Expa, 7, 10, cmd \\ in this Chap,), 

The hydrated ferrous and chromous oxides MO.HLjO where 
M = Cr or Fe are very unstable; they quickly combine with 
oxygen and become M2O8.3H2O. But it is possible to prepare 
FeO.HjO nearly free from ferric hydrate. 

Exp. 4. Arrange an apparatus as shewn in fig. 34. A is 
a flask containing zinc and dilute sulphuric acid ; B and C are 
each short wide test tubes supported in stands ; each of these 
tubes is about half filled with distilled water, and a very little 
sulphuric acid is also poured into C; a and h represent pieces of 
caoutchouc tubing. Hydrogen is passed through the whole 
apparatus for some minutes; the corks are then loosened in 
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£ and C (the hydrogen ia allowed to continue passing through 
the tubes) ; the contents of each tube are boiled for 5 or 10 
laiautes, to remove the air dissolved in the water. The corks 




Fig. 34. 

e now replaced in £ and C and the passage of hydrogen is 

mtiimed ; when the water in B and C is cold, the corks are 

removed for an instant, a piece of solid potash ia dropped into 

B, and a small piece of granulated einc and a clear crystal of 

I J'arrous sulphate (FeS0^.7IljO) into C, and the corks are 

^■ttnickly replaced. After a minute or two the tube B ia invert- 

^^n J the hydrogen then forces the potash solution from B into 

^^K and the potash and ferrous sulphate interact to produce 

^■Piite ferrous hydrate and potassium sulphate; thus SKOHAq 

I +FeSO,Aq = reO.IL,0 + K,SO,Aq. Now remove the cork 

from C, and pour the contents into a vessel where they are 

freely exposed to air; the colour of the pp. soon changes 

_ to greenish, then to greenish-brown, and then to brown 

'" jO,.3H,0 is eventually produced). 

The elements we are considering form oxides of the coni- 
Mition M^,. 

Exp. 6. Dissolve about 20 gi-ama oi /errous guLphote to 
■" 'ar; convert about 3 of this into a aci\\A\<ni lA \wm.tt 
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aulphat4> bj adding Aoutc stdphtric acid, t)**<ing to botthig, 
luid ttddiog con centra ted nitric aeid, drop bj dntfi, so loog as ■ 
climige of colour ie prodac«d. Allow tlic Bolntion of Cerric 
tmlphiiite to cool ; then mis it with the femnis sulpluiM 
solutinn ; add a slight excess of annnonia solution ; boil foc 
■omc time ; allow the pp. of Fe,0, which is produced to settJi^! 
wash it thorougblj with hot water by decantation, transfer it 
to n porcelain dish, and dry it at about 60". 

Prove that the Fe,0, yon have prepared dissolves in' 
HClAi] with production of both ferrous and ferric chloride;; 
making use of the facto (l)Ma<;>o(aMtMni gulphoryaJtide totutiim- 
(KCNSAfj) ffivet n deep red colwir \ Fe(CNS)y\ql w.-i(A Jirri 
galU, {2) thnt potasnutnjeiricyanide solution (h.^F^y^'i)ff» 
a pj>. of prusnan lAve (Fe Cy„) with /erroui iolu. Cwnpi 
this reaction with that which occurs when HClAq and Un,C 
interact ; prove that manganous chloride (MnCl,) i& produce " 
and chlorine is evolved, in this case. 

Contrast the reactions between (1) dilute nitric acid si 
Fe,0„ (3) dilute nitric acid and Mn O^ ; prove that in tin 
fonimr cose the Fe^O^ disaolveg and that the liquid containa 
botli ferrous and ferric nitrate, and that in the latter a browa 
solid remains undissolved — this solid is MnO,— and the solutimi. 
contains manganous nitrate. 

I*rove thejireeence of a mangamxnis salt in Ote liquid JiUmti 
ffow, the insoluble MnO &y etddiruj KH,Aq mi alight ezetit 
(w«i(74Wi NH,H8Aq; abvff cohured pp. of ^inSi ie prodtteei, . 

Besides the oxides examined, manganese forms a pero 
MiiOj, and chromium a peroxide CrO^. 

Exp. 6. To an aqueous solution of a Tnangajums salt, s 
MnSO , add a saturated solution of godium hypoehiori 
(NaOlO), and a considerable quantity of concentrated toi 
solution ; heat until the pp. which forma is very dark brow 
and apparently homogeneous ; collect and wash this pp. 
is manganese dioxide or peroxide (MnO,). 

Recall the results of Exp. 2 wherein hydrat«d Mn,0, i 
obtained by the action of air upon precipitated MnO ; in 
present Exp. the NaOHAq precipitotea hydrated MnO, i 
at the same time this is oxidised to MnO by the oxygel 
produced by the decomposition of the NaClO ; (NaClOA* 
heated in an alkaline solution gives NaClAq + O). 

Exp. 7. To about 200 c.e. of a cold saturated aqueoi 
eolation of poiasdum dichTomat^ ^K-jCt^O^ jiA4, *\othIi - 



}, 5—10] CLASSIFICATION OF ELEMENTS. 87 

Sth conBtant stirring, about 300 c.c. concentrated sulphuric 
' ', and allow the mixture to cool, lied oryatala of CrO^ 
rate out. (K.Cr^O^q + H,80 =K,SO,Aq + H,0 + 2CrO ). 
e a, little glass wool in the neck of a funnel, and pour the 
Hnid through thia funnel ; when the liquid has drained away 
fen the crystals, remove the latter, by the aid of a platinum 
It glass spatula, to a clean dry porous tile, and allow them to 
[rain there for a short time ; then move the crystals to a fresh 
part of the porous tile and pour a very little cold water over 
them ; when the water has soaked into the tile, repeat this treat- 
ment with another very small quantity of cold ioater. Now 
Bsolve the crystals in a beaker in as small a quantity of hot 
iter as possible, evaporate the solution and allow it to 
?stallize. Again collect the crystals, and dry them on a dry 
rous tile. In this way you obtain chromium trioitide or 
mxide (CrOj) nearly freed from adhering sulphuric acid. 
The OKides MnO, and CrO^ readily part with a portion of 
■ ■ oxygen, MnO, being reduced to MnO, and CrO^ to 



Exp. 8, To a solution of oxalic acid (H^CjO,) add some 
""nganese dioxide (MnOj), and a little gulphiiric acid, and heat 
iriy to boiling. The oxalic acid is oxidised to water and 
grliDii dioxide ; and the MnO produced is dissolved in the 
Iphnric acid forming Mn80,Aq. Prove that COj is evolved, 
id that the liquid gives the ordinary reactions of a manganous 
It (a. Sxp. 5). 

Exp> 9. Place a little of the chromium trioa^e (CrO^) you 
spared in Exp. 7 in a basin and allow a little alcohol (C,H O) 
I Blowly trickle on to it : the alcohol is at once oxidised to 
iehyde, and green Cr^O, remains ; ( 3C,H,0 + 2CrO, = Cr,0, + 
!l^,0 + 3HjO). Much heat is produced in this process and 
portion of the alcohol is usually inflamed. 

Chromium trioxide (or chromium peroxide) CrOj is a 
ftrkedly acidic oxide. 

Exp. 1 0. Dissolve the remainder of the chnnmura trioxide 
JrOj) prepared in Exp, 7 in water ; neutralise the acid solution 
potash ; evaporate, and allow to crystallise. Yellow crystals 
potassium chromate, K^CrO^ separate out. Dissolve these 
rstals in water ; divide the solution into t-wo ^B.t^ •, \ii o^'e. 
rt add AgNO^Aq, ajid to the other Pb^lSO ,^<\. \-n. ftva q-qr 
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cose a, red pp. of silver chromate, Ag^CrO,, and in the other 
yellow pp. of lead chromate, PbCrOu in obtained. 

To obtain these salts of chromic acid {HjCrO.) from 
iKuic oxide Gr,0, it is only necessary to oxidise this componoj 
in presence of a strongly basic oxide or hydroxide. 

Exp> 11. Melt some caustic potash in a crucible orer 
Bnnsen-lamp ; add a few crystals of potaagium nitrate (KNO, 
and then a little Cr,0,. The KNO ia decomposed, giving a 
oxygen which oxidises the Cr,0, to SCrO, and this reacts wit 
the molten KOH to form KjCriD,. On cooling a yellow nu 
of E,CrO, (mixed with unchanged EOH) ia obtained. 

The production of yellow potassium c/vromaie, KfirO,, in i 
way is an extremely good lest for the detection ofehroraium 
falls of this metal. 

Besides the ehroinates there is known another series of aaltl 
called dichromaUs. 

Exp. 12. To a saturated solution of potassium eh/romOt 
add dilute milphurie add so long as the colour of the liquii 
changes ; then evaporate and allow to crystallise. Red-yeUo« 
oryatals of potassium dichromate, KjOr^O,, separate oab 
(2K,CrO.Aq + HjSO.Aq = H,0 + K,Cr,0^q + K^O.Aq.) .' 

lu order to convert a chromate or dichromate into a salt o 
chromium it is necessary to heat with excess of a concentrate! 
acid, or to treat witli a reducing agent*. 

Expi 13. To a concentrated solution of potagsiwn cAn)- 
male or dichromat«, add a considerable excess of concentrated 
rulph/uAric acid, and evaporate the solution until the oolonv 
becomes deep green. Now prove that this solution gives th^. 
ordinary reactions of o chromic salt; (\) potash forfns agreeni^ 
. of CrjO^.SSfi, solidile in conaiderable excess of Ike preeipf' 



tanl, [compare tjiis reaction with that between KOBlAq aoA 
CrO-Aq (Exp. 10)1; (3) ammonia precipitates the aants 
Cr^Og.^HJ), it is onlt/ sligliUy soluble in excess of ammonia^., 



The changes carried out in this Exp. may be thus represented'; 
in equati 

2K,0rO,Aq ^ 5H,SO,-2K,SO>q + Crj(SO,),Aq + 5H,0 + 30; 
K,CrjO/.q + 4Hs.S0. = K^O.Aq + Cr, {SOJ^Aq + 411,0 " " 
A mixture of K^CrO, or K,CrjO, and HjSO. will evidently act 
as an oxidising agent.* 

• ». Chaj..XVU. 



! sal 
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Exp- 14. To a solution of poteusium chromatR or dichro- 
mate add a little sulphuric aoid, and then pass in mlpkiw 
dioxide {made by heating concentrated sulphuric acid with 
copper) until the liquid is green ; and prove that the solution 
fMw givea the reactions of a chromic salt. The change which hae 
occurred may be represented thus ; 2K OrO^Aq + 2H SOjAq + 
SSOa = aKjSO.Aq + Cr,{80.),Aq + 2H,0. 

Two series of salts, Tnanganates e.g. K^MnO^, and permtm- 
ffanatee e.g. KMnO^, may be obtained from the salts or the oxides 
of manganese. As MnO, is practically insoluble in water, these 
salts are obtained by fusing this oxide with strongly basic 
«sideB or hydroxides in presence of oxygen or an oxidising 

ent. These salts do not correspond to the oxide MnO, but 

a hypothetical oxide MnOj, 

Exp. 16- Melt some potash in a crucible, add a very 
little nitre, and then a little manganese dioxide. Keep the 
whole melted for a little and then allow to cool. The green 
mass thus obtained contains potassium manganate, KjMnOj : 

^r £be reaction may be thus represented in an equation ; 

MfeiO, + 2K0H+0 {from KNO,) = K^nO, + H^O. 

^B* 2%e production of green potasaiwn manganate, K^MnO^, in 

P iAm wa/y is a delicate test for the presence o/mangmiese in owy 

' eompovrnd. 

When the fused mass is cold, dissolve it in cold water, and 
add a few drops of dilute sulphuric acid ; the green colour 
changes to pini owing to the production of potassium per- 
manganate. 

Potassium permanganate interacts with sulphuric acid in 
the presence of an oxidisablo body to produce potassium and 
manganese sulphates and oxygen ; the oxygen combines with 
the oxidisable body. 

Exp. 16. Make a solution oi ferrous sulphate in cold 
water ; add some sulphuric add and heat ; then add potassiuta 
permangtmate solution (KMnO.Aq) drop by drop with constant 
stirring until the liquid is coloured very faintly piJiA. The 
pink colour is due to the presence of a minute trace of unchanged 
permanganate ; the permanence of this colour shews that the 
chemical change which has been occurring in the liquid is com- 
pleted. Now divide the liquid into two parts ; to one add a few 
drops of polnssiumjerricyanide solution ; the fact that no pp. is 
produced but only a slight brownish colovation sUrnj* \,\\b.\ ysva 
Uguid coa tains a ferric salt but is free irom lerroua ew»^«M.tvis" 
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But from the condition of tiie Exp. the only ferric Bait that I 
can be present is ferric sulphate. To the other part of tb> I 
liquid add au excess of amnumia ; the brown-red pp. wlddi ] 
forma is a mixture of ferric and mangamc hydrates ; prove ] 
the presence of a manganese compound in this pp. by applying I 
the fact tliat when these compounds are heated with molten 1 
potash and a very little nitre, green potassium manganate i> 1 
prodaced (g. Exp. 15.) Exp. 2 taught ub that manganic hydrate I 
Mn.jO^.H,0 is pptd. when excess of ammonia is added to the | 
solution of a manganese salt in presence of air and ammoninm I 
chloride ; therefore the reaction with ammonia just concluded 
proves that the liquid obtained by adding the slightest possible 
excess of KMnO^Aq to FeSO.Aq in presence of HjSO.Aq cou 
tained a salt of manganese ; bat from the condition of the Exp. 
this salt must almost certainly have been manganese sulphate 
(MnSO.). 

We have therefore proved, as tar as can be satisfactorily 
proved by qualitative experiments, that when potaasium par' 
manganate and ferrous sulphate interact in presence of aiit 
phuric acid and water, ferric sulphate and manganese snlphato 
are produced. Tlie quantitative study of the chemica 
change has shewn that it may be represented by the equ^ 
tion lOFeSO.Aq + 8H,S0^Aq + SKMnO.Aq = 5Fe^S0.AqH 
2MnS0.Aq + K^SO.Aq + 8H,0. ' 

Exp. 17. To a solution of oxalic acid (H,C,Oj) add s 

phttrie aeid ; warm, and add potassium permanganate solaticou 
drop by drop, until a very slight pink colour remains in till 
liquid ; now prove that the solution contains a manganese salb 
To another quantity of warm oxalic acid solution mixed wlti 
sulphuric acid in a teat tulie arranged with a cork, exit tnb^ 
and funnel tube as sliewn in fig. 35, add some KMnO^q aiu| 
allow the escaping gas to pass into clear lime water ; the ] 
duction of a white pp. in the lime water proves that the ^ 
evolved is carbon dioxide. The reaction which has ocouirei 
maybe thus represented; SHjCaOjAq+SH^SOjAq+aKMnO^A^ 
^ KjSO^Aq + 2MnS0,Aq + 8H,0 + lOCO,. , 

In Exps. 16 and 17, a suit of a manganese-containing acid 
(KMnOj) has been changed to a salt of manganese (MnSOJj 
the reverse change was accomplished in Exp. 15, taken iat 
conjunction with Exp. 6. Compare the corresponding changed 
in the case of chromium compounds carried out in Exps. 11, 
J^ and 14. 
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The experiments performed in this chapter shew that the 
elements chromium manganese and iron are properly placed in 




Fig. 35. 

the same class ; and that chromium and manganese are dis- 
tinctly more negative and less metallic in their chemical 
reactions than iron. 

Reference to "Elementary Chemistry." Chap. XL pars. 
194—203. 



CHAPTER XVL 



CONDITIONS WHICH MODIFY CHEMICAL CHANGE. 

The products of a diemical change are often different at 
difierent temperatures. 

Exp. 1 . Dissolve two equal quantities of powderedy0rrtni« 
mdphate in equal quantities of water ^ in one case using cold, 
and in the other hot, water. When solution is complete prove 
that the solution in cold water gives the reactions of a ferrous 
compound, but that the solution in hot water gives the 
reactions both of a ferrous and a ferric compound ; part of the 
ferrous sulphate has been changed to (a basic) ferric sulphate. 

Exp. 2. To two quantities of a solution of copper 
rndphcUej one at the ordinary temperature, the other kept 
boiling, add a slight excess of caustic potash solution. In the 
cold solution a pp. of hydrated copper oxide (CuO . H^O) is 
produced, but a pp. of copper oxide (GuO) is formed in the 
hot solution. 

Exp. 3. To a cold solution of formic acid add a little 
merciz/ric oxide (prepared by precipitation) ; the oxide dissolves 
with formation of mercuric formate. To a hot solution of 
formic acid add mercuric oxide; a black pp. of mercury is 
produced. 

In Chap, XII. Exps, 19 and 22, you learned that when 
chlorine and aqueous potash interact at ordinary temperatures 
potaHflium chloride and hypochlorite are produced, but that 
potassium chloride and chlorate are formed when the same 
iKxlies — chlorine and potash — ^interact at about 100®. 

Hornetimes the rate at which a chemical eliaii^e proceeds 
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is dependent on the temperature, nlthougli the actual products 
of the chunge are the same at high as ut low temperatures. 

Exp. 4. Dissolve about 5 grams of oxalic acid in 300 to 
400 c.c. of water, and add about 10 — 15 c.c. of concentrated 
sulphuric acid. Divide this eolutiou into three equal parts ; 
place these in beakers ; keep one at the ordinary temperature, 
heat another to about 30°, and another to about 60° — 70°. 
To each solution add the same quantity, about 6 c.c, of the 
same dilute aqueous solution of pofaaeiwni permanganate. 
Note that the colour of the permanganate run into the hottest 
solution is at once destroyed, tho colour of the permanganate 
run into the solution at 30° is destroyed after a very short 
time, and that the colour remains for some time in the cold 
solution. Repeat the addition of equal quantities of the same 
permanganate solution to these solutions, and note, approxi- 
mately, the time which elapses in each case before the perman- 
ganate ia completely decolorised. In each caae the oxalic acid 
is oxidised to water and carbon dioxide, and manganese sulphate 
and potassium sulphate are produced (b. Chap. XV. Exp. 17). 

Exp. 6. To each of three approximately equal quantities 
of a solution of ammunium cnrhmiiate (CO.NH^.ONHJ in 
cold water add a little caleiwm chloride solution ; keep one 
solution at the ordinary temperature, warm another to about 
30", and another to about 100°. A pp. of calcium carbonate 
instantly foiius in the hottest solution, after a little time in 
the solution at 30°, and only after a considerable time in the 
solution at the ordinary temperature. Ammonium carbamate 
interacts with water to form ammonium carbonaie, 

00 . NH, . ONH.Aq -f- H,0 = (NH,)^CO,Aq ; 
this change takes place slowly at ordinary temperatures, and 
more rapidly the higher the temperature. In this Exp. the 
ammonium carbonate produced reacts with the OaCl^Aq to 
form OaCO and !NH ClAq, the former of which is precipitated, 

Many chemical changes are completed only when the mass 
of one of the interacting bodies is large compared with tho 
masses of the other interacting bodies. On the other hand 
when one of the products of an interaction between two 
bodies is completely insoluble, or volatile, under the experi- 
mental conditions, that product is usually produced, and the 
change is completed without using an excess of either of tha 
reacting bodies. 
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Exp. 6. Place about 50 c.c. of dilute sulphuric acid in a 
beaker, add some hydrochloric acid*y heat to boiling, and then 
slowly run in a solution of ha/riwm chloride from a burette so 
long as, but no longer than, a pp. of barium sulphate is produced. 
In order to determine when the reaction is completed, shake 
the contents of the beaker vigorously after the addition of each 
few c.c. of the BaCl^Aq, allow the pp. to settle, and then add 
1 or 2 drops of the BaCl^Aq ; when only a very slight pp. is 
produced, add 1 or 2 drops more BaOljAq, shake well, allow 
to settle, pour a very little of the liquid through a filter (made 
of good paper), and add one drop of the BaCljAq to the clear 
filtrate ; should the filtrate remain quite clear the reaction is 
completed, should a cloudiness be produced, run a drop or two 
of the BaClgAq into the beaker, and repeat the filtration &c. 
of a very little of the liquid ; continue thus until the reaction 
is as nearly as possible completed, but do not add any excess 
of BaCl,Aq. 

"When the reaction is complete, prove that the filtrate 
from the pp. of barium sulphate does not give the reactions 
for a compound of barium, or for sulphuric acid ; prove also 
that the pp. is a barium compound and that it is a sulphate. 

The reaction which has occurred is represented in an 
equation thus; — 

BaCl,Aq + H,SO,Aq = BaSO, + 2HClAq. 

The foregoing Exp. proves that when a given quantity of 
barium chloride in solution has been wholly decomposed by 
dilute sulphuric acid the only compound of barium produced 
is the sulphate which is precipitated, and that the sulphuric 
acid employed has been itself wholly decomposed. By making 
the Exp. more accurate it is possible to prove the correctness 
of the equation given above. 

Exp. 7. You are given aqueous solutions of barium 
chloride and sulphuric a^dd of stated strengths^ i.e. the mass 
of each compound in a specified volume of the solution is 
stated. Measure off accurately a certain volume of the barium 
chloride solution, say 50 c.c; calculate exactly what volume 
of the acid solution contains that mass of sulphuric acid which 
is shewn by the equation in Exp. 6 to be necessary for the com- 
pletion of the reaction; add exactly this volume of the sul- 
phuric acid solution ; allow the pp. to settle completely ; pour 

* The pp. of BaS04 settles better in the presence of HClAq. 
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e clear liquid througli a filter, and prove tlio absence o£ a 
iriam oompound and of sulphuiic acid, and the presence of 
sdroohloric acid, in the filtrate. 

In the following Exps, solid compounds are produced, but 
tij interact with the other product* of tlie change to produce 
e original substances ; hence it is necessary to odd an excess 

one of the interacting compounds in order to completely 
compose the wliole of the other compound in the original 
[atioii. Sometimes (a» in Mxp. 9) a, very large excess of 
e of the interacting compounds is required to complete the 
ange, even when that change results in the formation of a 
id body. 

Exp. 8. To a solution of calaiwn chloride add a solution 
aimnoniuvi carhoiuUe until the reaction is completed, i.e. 
til addition of a drop of ammonium carbonate solution fails 
prodace any pp. of calcium carbonate. Now filter, and 
(ve that the filtrate contains a considerable quantity of 
monium carbonate. Hence some of the ammonium car- 
wte Inquired to complete the chemical change has itself 
lained unchanged. The reaction may be represented by 
h an equation as the following : 

31,Aq + (NHj),CO,Aq + x (NH,),CO, = CaCO, + 2NH^ClAq 
+ a!(NH4),C0,Aq: 
lust be made fairly ]arge to complete the reaction. 

Exp. 9. To six equal quantities of a solution of hiamuth 

Joride in dilute hydrochloric acid add quantities of wafer, 

the ratio 1 : 2 : 4 : C : 8 : 10*. In each case bismuth oxy- 

Chloride is precipitated. Filter off each pp. and pi-ove (by 

adding H,SAq) that each tiltrate contains bismuth chloride 

in solution. The reaction may be expressed thus ; 

BiCl, + X BiCI, + H,0 + Aq = BiOCl + 2HClAq + x BiCl,Aq ; 
the smaller the value of x relatively to that of Aq the greater 
is the quantity of BiCl^ decomposed ; but traces of BiCIj 
■ 1 unchanged even when a; is several Imndred tiuies less 



'. 10. You are given solutions of ftrric cfdoride and 
i Bulphoci/anide. To a few drops of one add a little 
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of the otber ; s deep red colour is produced, due to forraation 
of ferric sulpbocyanide. The reaction may be thus expressed: 
Fo,Cl,Aq + 6KCNSAq + xKCKSAq = Fe,(CSS)^q + 6KCIAq 
+ icKCNSAq. If a; is made very large the reaction approaches 
completion. 

Measure out 6 equal quantities — say lOc.c. each — of the 
ferric chloride solution ; add to the first a measured quantity 
iEc.c. (say lOc.e.) of the sulphocyanide solution, to the second 
add 2x c.c, to the third Sx c.c., t« tJie fourth 6x cc, to the 
fifth Sx c.c, and to the sixtli add IOjc c.c, of the sulphocyanide 
solution. The depth of colour increases from the tirst to the 
sixth i this indicates that the c^uantity of ferric sulpbocyajiide 
produced has increased as the relative mass of potaesium 
sulphocyanide was increased. 

In the foDowing Exp. a chemical change is more or lesB 
completely reversed by altering the relative masses c^ the 
interacting bodies. 

Exp. 11. To Gome solid natural amtimony gulphide 
{Sliimite) add a fair quantity of concentrated hydnxiUorie 
aeid; antimony chloride is formed and passes into solution, 
while sulphuretted hydrogen gas is evolved. Prove the laMer 
/oGt by koldiny a piece of paper moUlenetl unih a solution of a 
salt of lead in the escaping yaa ; 6rown Uad gulphide (PbS) u 
/armed on (Ae paper. Now pour a considerable quantity of 
water into the vessel in which the reaction has occurred ; orange- 
red antimony sulphide is precipitated. The two changes may 
be thus represented ; — 

ooncentrated acid 

Sh,S. + 6HClAq " __ 3SbCl, + 3H.S. 



In the following Exp. a chemical change i 
altering the medium in which the reaction occun 

Exp. 12. Pass cairhon dioxide into a saturated alcoholic 
solution of dry potasmtin, acetate ; potassium carbonate iB 
formed and precipitated as a white solid, and acetic actm 
remaiaa in solation. 
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To an aqtieous solution of potassium carbonate add ascetic 
add; potassium acetate is formed and passes into solution, 
and carbon dioxide is evolved as a gas. 

alcoholic solution 



-►■ 



KH3O.O. + H,0 + CO, KHCO3 + H,C,0,. 



aqueous solution 

Exp. 13. Recall Bocp, 13 Chap, XIV, wherein nitric 
acid was prepared by the interaction of sulphuric acid with 
potassium nitrate. Place asmallcrystalof potassium nitrate 
in a porcelain basin, and a small crystal of potassium sul- 
phate in another similar basin; to the first basin add some 
concentrated sulphuric acid^ and to the second some concen- 
trated nitric acid. Evaporate each to dryness, allow to cool, 
add more acid to each and again evaporate to dryness ; repeat 
this treatment; and then prove that the salt in the first 
basin is potassium sulphate free from nitrate, and the salt 
in the second basin is potassium nitrate free from sulphate. 
The acid added in large excess has completely replaced the 
other acid from combination with the potash. 

Reference to " Elementary Chemistry." Chap. XIT. 
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OXIDATIONS AND REDUCTIONS. 

Any chemical change which results in an increase in the 
ratio of the negative to the positive constituents of a compound 
is called an oxidation. Thus the change of FeO to JFe^Og, or 
of FeSO, to Fe,(S0,)3, or of Hgl to Hgl,, is a process of 
oxidation. Any change which results in an increase of the 
ratio of the positive to the negative constituents of a compound 
is called a reditction. Processes of oxidation and reduction 
usually occur together; one part of the complete change is 
called an oxidation, and the other part is called a reduction. 

Oxidation is sometimes effected by the direct addition of 
oxygen. 

Exp. 1. Cut a piece of sodium from the inside of a stick 
of this metal, and notice that the bright surface is at once 
covered with a non-lustrous film; this film is sodium oxide 
(Na,0). 

Exp. 2. Place a little very finely divided iron in a 
crucible, counterpoise the whole, then allow it to stand in the 
air for about an hour, and counterpoise again; there is no 
change of mass, nor is there any change in the appearance of 
the iron. Now heat the crucible over a Bunsen-lamp; the 
iron glows ; allow to cool, and counterpoise again. There has 
been an increase in weight; the iron has been oxidised (to 
Fe^Og) by the oxygen of the air. 

Exp. 3. Place a very small piece of lead, and a very small 
piece of tin, on charcoal, and direct the outer flame, i.e. the 
oxidising flame, of a blowpipe on to each in succession ; the 
lead is slowly oxidised to a yellowish film of lead oxide, and 
the tin to a nearly white film oi tin oxide. 
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But oxidations are more frequently aecompliahed by 
decomposing some compound of oxygen in conta«t with the 
body to be oxidised. 

Exp. A-. Heat a few pieces of c/iarcoal on an iron tray 
placed over a large Bunsen-lamp ; then allow concentrated 
mtric add to drop on to the hot charcoal. The charcoal ia 
burnt (to carbon dioxide) by the oxygen furnished by the 
decomposition of the nitric acid {a. £xp. 13 of Chap. XIV.). 

Recall Bxpa. H and 15 of Cliap. XIV. wherein 8b 0^ was 
oxidised to Sb 0, and Sb,Oj, and phosphorus was oxidised to 
phosphoric acid, by interacting with concentrated nitric acid. 

In aU these experiments the nitric acid is reduced at the 
I same time as the other body ia oxidised. 

[ Exp, 5. Hedt a little potassiv/m chlorate in a dry test 

tube until it melts, and apparently boils ; then drop in a, few 
small pieces of charcoal; notice the rapid burning of the 
charcoal, and prove that carbon dioxide is evolved. Allow to 
cool, dissolve the solid residue in water, and prove that the 
Bolution contaius potassium chloride. The chlorate has been 
reduced, while the carbon has been sinialtiuieously oxidised 
[2KC10, (heated) + 30 = 2KC1 + 3C0,]. 

Exp. 6. Heat a little potassium nitrate In a crucible 
until it melts, then throw in a few small pieces of sulphur; 
after cooling, dissolve in water and prove that the solution 
contains a sulphate. 

The suiphur has been oxidised while the nitrat* has been 
Bimultaneously reduced to nitrite [KNO^ (heated) = KNO, + O]. 

E«call Exp. 15 of Chap. XV., wherein a salt of manganese 
was oxidised by fusion with nitre in presence of potash. 

Exp. 7. To a solution of polasaium nitrite (KNO,), 
acidulated with a little gulphuric acid, add a solution of 
potaagium pennangwnate, drop by drop, until the permanence 
of a slight pink colour shews that a trace of permanganate 
remains unchanged. Now prove (1) the presence of a nitrate, 
(2) the absence of a nitrite, in this solution (*. tests in Exp. i 
Chap. VII. and Exp. 9, C/Mp. XIV.). 

The potassium nitrite (KNO^) has been oxidised to nitrate 
(KNO,), and the permanganate (KMnO,) has been reduced to 
MnO and K^O which have reacted with the sulphuric acid to 
form K SO, and MnSO, (compare Expg. 16 and 17 of Chap. 
XV.). 

1- 
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Exp. 8< Prepare a little very finely divided sulphur by 
adding hydrochloric acid to ammonium sulphide solutioa; noir 
add Home more HClAq, heat nearly to boiling, drop in i 
crystal of pofasfium chlorate, continue to heat and to aAi 
KCIO, in very small successive qnantities, until the sulpliur 
has completely disappeared. Now prove that the Bolutiaa 
contains a sulphat*. 

By the inteiaction of HClAq and KCIO^ a mixture of 
chlorine and oxides of chlorine is formed ; but chlorine oxids 
are very easily decomposed by heat to chlorine and oxygen; 
hence in the foregoing process oxygen was freely evolveJl in 
contact with finely divided sulphur; the sulphur was tliDE 
oxidised to sulphuric acid. At tlie same time the potassium 
chlorate was reduced to chloride. 

llocall Esep. 12 of Chap. XIV, wherein Bi^O^ was oxidiaed 
to Bi,0, by forming and decomposing KClOAq in oontftd 
with the BijOj in presence of mucli potash. 

Exp. 9. To a solution of potassium chlorate add a fe* 
pieces of eine and a little dilute fulphuHc acid; hydrogen tt 
evolved ; after a little filter some of the liquid and provt. 
tho presence of a chloride in the filtrate. The chlomtf 
(KOIOJ has been reduced to chloride (KCI) by interaotioj 
with the hydrogen evolved in contact with the chlomta 
and simultaneously the hydrogen has been oxidised to water,., 

Exp. 10. To a solution of merrrmic cAloride (HgCl,) a 
a little stannoiis ohloride solution (9nClj) ; a white pp. 
marcurous chloride (HgCl) is formed; now add m 
chloride and heat ; the colour of the pp. is changed from whi 
to grey. This gi'ey solid is Very finely divided mercury; 1 
collecting it on a filter, drying, and rubbing in a mortal 
globiiles of mercury are obtained. The reactions may be thi 
represented ; — 

(1) 2HgCl,Aq + SnCI,Aq = SnCl,Aq+ 2HgCI, 

(2) 2HgC] + SnCl,Aq = SnCI^Aq + 2Hg. 
While the HgCl, is reduced to HgOl, and this is furthf 
reduced to Hg, the SnUi^ is oxidised to SnOI,. 

Exp. 11. Add some sulphuric acid to a solution i 
sodivm su/phite (Na,80,) and prove that sulphur dioxide (80, 
is evolved, hy leading the gEis into a Ai\utfe so\\it\&\i of ^tassiilj 
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pcbromate and noticing the green colour (due to the formation 
' I chromic sulphate) which the liquid assusies {eomp. Hsyi. 14, 

fchap. xr.). 

Now place a few crystals of sodium sulphite in a little 

L jferric sulphate solution, and add some hydrochlorio acid ; heat to 

lx)iling, and continue to boil until only a very little SO, 18 

coining off (SO, is easily detected by its smell). Then cool, 

and prove that the liquid contains ferrous sulphate. 

In this reaction ferric sulphate (Fej(SO J^) has been 

reduced to ferrous sulphate (FeSO,), and sulphur dioicide 

{SO,) has been simultaneously oxidised to sulphur trioxide 

^SOa) which has interacted with the water present to produce 

""'lalphuric acid ; — 

FB,(80.)3Aq + SO, + 2Hp = 2FeS0,Aq + 2H„aO, Aq. 

Exp. 12. Place a little mercury in a solution of silver 
irate ; silver is slowly precipitated and some of the mercury 
.Bses into solution. 

Place a piece of copper in a solution of mercurous nitrate ; 
lercury is slowly precipitated and some of the copper passes 
pito solution. 

Place a piece of hvn. in a solution of copper nitrate, or 
Ijthate ; copper is slowly precipitated and some of the iron 
sses into solution. 

These changes may be thus represented : — 

(1 ) 2AgN0,Aq + Hg = Hs(NO J^Aq + 2Ag, 

(2) Hg(NO^),Aq + Cu = Cu{NO,),Aq + Hg, 

(3) Cu(NO,),Aq + Fe = Fe(NO j,Aq + Cu. 
In each case the metal placed in the solution reduces the 

a solution, the metal itself being simultaneously oxidised. 
Compounds which readily part with oxygen, or with a 
■ the whole of their negative constituents, are often 
■lied (Modiging agents ; compounds, or elements, which readily 
move oxygen, or negative elements such as chlorine itc, or 
jative groups of elements such as 80, ikc, and combine with 
^e oxygen Jjc. so removed, are usually called reducing agents. 

e to " Elementary Ciiemistky." Chap. XI. pars. 
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STRONG AND WEAK ACHMS. 

Various meanings have been given to the terms strong 
and toeak as applied to acids and bases. The sense in which 
the terms are now generally used is shewn by considering the 
ordinarily occurring interaction between equivalent quantities 
of an alkali MOH and two acids HX and HY in dilute 
aqueous solution, to form two salts MX and MY in solution. 
In most cases portions of the alkali interact with each acid, 
so that when the interacting bodies have settled down into 
equilibrium the solution contains the two salts MX and MY, 
and also the two acids HX and HY. If the acid HX is a 
stronger acid than HY a greater quantity of the salt MX 
than of the salt MY will be formed when the change is 
completed. If for instance equivalent quantities of potash 
(KOH), nitric acid (HNOg), and sulphuric acid (H^SO^), are 
mixed in dilute aqueous solution, about f of the potash inter- 
acts with the nitric acid to form the salt KlNOg, and about ^ of 
the potash interacts with the sulphuric acid to form the salt 
K SO4 ; nitric acid is therefore said to be a stronger acid than 
sulphuric, and the relative strengths, or affinities^ of the two 
acids for potash are said to be approximately in the ratio 2:1. 

At a later stage of the course quantitative Exps. will be 
performed in illustration of the meaning of the terms strong 
and weak acids {Pa/rt III, Cha/p, III.) ; meanwhile Exps. will 
be conducted to shew that one acid can sometimes partially 
or wholly replace another from combination with a base, and 
to illustrate the conditions under which such replacement is 
effected. 

Exp. 1. To two quantities of water coloured light yel- 
low by addition of * methyl or<mge\ add a little boric acid 



STRONG AND WEAK ACIDS. 103 

H,B Oj), aud a Kttle guLphivno acid, respectively. The lioric 
cW does not change tlie colour of the liquid, but the sulphuric 
Bid produces a bright red colour. 

Now colour a, concentrated solution o£ borax (sodium 
orate) with a. little 'methyl ormi/je', and add vert/ dilute 

\uric add drop by drop until the colour changes to bright 
The fact that a considerable quantity ot sulphuric acid 
luat be added before the change of colour is produced shews 
lat the sulphuric acid at first added was interacting with the 
wax to produce compounds which have no effect on the 
dour of 'methyl orange'. But from what has been already 
»rat concerning the reactions between salts and acids, these 
roducts, very probably, were boric acid and sodium sulphate. 

~ I solution of eodium milphate coloured by ' methyl 

idd boric add ■ no change of colour occurs even when 

targe quantity of boric acid has been added ; hence boric 

dd does not interact with sodium sulphate, in aqueous 

jlutions, to produce free sulphuric acid. 

Sulphuric acid is therefore a stronger acid than boric. 

, Exp. 2. Dissolve a little coMe sugar in water; add a 
^ drops of copper mtlpltale solution, then a large excess of 
ftoMh, and boil for a short time ; no visible change occurs. 

Kepeat this Exp. with a very little dextrose (grape sugar) 
a place of cane sugar ; a yellowisli red pp. of cuprous oxide, 
hi,0, is at once produced. 

To two approximately equal quantities of the same solution 
of came gugar, in test tubes, add a few drops of dilute hydro- 
ohloric acid and of dilute acetic acid, respectively ; immerse 
both tubes in water at 65° for 3 minutes; then add a few 
cops of copper sulphate solution and a large excess of potash 
p each, and boil. The formation of a reddish pp. in the tube 
J which hydrochloric acid was added, shews that this tube 
mtainfi dextrose ; the contents of the tube to which acetic 
d was added remain unchanged. 

Hydrochloric acid therefore changes cane sugar to dextrose 
■hen heated with it in dilute aqueous solution to about 65° 
r a few minutes ; but acetic acid does not effect this change 
ider similar conditions. 
Now add a /ew drops of dilute hydrochloric acid, and a 
■jVery little cane auyar, to a large quantity of a concentrated 
blntion of sodium acetate (NaH^CjOj) ; heat to 65° for 3 
inote^ and then test for dextrose. T\\e aXjacnce ol ^srAs'^Hft 
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prores that the whole of the hydrochloric acid added must hxn- 
interacted with the sodium acetate so as to produce a, con 
pound of hydrochloric acid (NaC'l and H^C^O, are produced). 
Hydrochloric acid in therefore a stronger acid than acetic. 

Exp. 3. Add /errxe chloride solution to a solution ol 
godiuiit piiotphate ; a yellowish white pp. of ferric phoEphatt 
(FePO,) is formed. Prove that this pp. is insoluble in 
ftoid, but is easily dissolved by a small quantity of hydrochloric 
a«id. 

Now add a/eiff drops of ht/droehlaric aeid to a large quantity 
of a concentrated solution of nodium aixtate ; if the wliole o 
the hydrochloric acid has interacted with the sodium acetate b 
produce sodium chloride and acetic acid, addition of Bodiun 
phosphate and ferric chloride should now produce a pp 
ferric phosphate ; but if some of the hydrochloric acid rem 
in the free state no pp. of ferric phosphate should be formed 
To t!ie solution add a little todium phosphate and a few drop^ 
of ferric chloride solution ; ferric phosphate is preoipitatei^ 
therefore the liquid contained no hydrochloric acid ; therefort 
the hydrochloric acid added has combined with sodiaoi prs^^ 
viously combined with acetic acid, and therefore hydroohlor* 
acid is a stronger acid than acetic. 

One acid may wholly or partially replace another from iU 
oombinationa with metals when the various bodies interact i^ 
aqueous solutions, and yet the second acid, if the leas volatile 
of the two, may replace the first when the various bodiel 
interact in the solid form at liigh temperatures. The direction 
of the change which occurs at high temperatures between a, 
salt and a solid acid depends to a great extent on the relativ) 
volatilities of the acids ; the more volatile is displaced t^ H 
less volatile acid. 

Exp. 4-. Pass a Btreajn of ca/rbon dioxide through tf 
concenti'ated aqueous solution of sodiitm milicate (soluble glass); 
gelatinous silicic acid separates after a. time, chiefly at the 
surface of the liquid. Carbonic acid, then, displaces silicic acid 
from sodium silicate under ordinary conditions of temperature. 

Prove that ammonium chloride solution ppts. siHcio acid 
from an aqueous solution of sodium silicate. 

Silicic acid is practically insoluble in water. 

Mix a little silica (the insoluble anhydride of silit^o acid 
nitb 3 or 4 times its weight ot a imx.\A].i:a cil %\Kni^ «a^ 
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iSPa. i—6) STEONQ AND WEAK ACIDS. 105 



parts potatdum ca/rbonate and sodium earbmtate (ttiia mixture 
melts at a lower temperature than either of its coostituents) ; 
place the mixture in a crucible and heat until it is melted ; 
allow to cool ; dissolve in hot water ; tilter if necessary from 
unchanged silica; to the filtrate add ammoniimi chloride 
solution; silicic acid is precipitated. Hence the solution 
contained sodium or potassium silicate, and therefore some of 
the carbonic acid has been displaced from combination with 
potash or soda by the silicic acid. 

Silicic acid is non-volatile even at very high temperatures ; 
carbon dioxide is gaseous at ordinary temperatures. 

Exp. 5. Prove (1) that a solution of borte acid slowly 
changes turmeric paper to a bright cherry-red ; (2) that borax 
solution (sodium borate) turns turmeric paper a dull brown ; 
(3) that when concentrated hydrocjilorio acid is added to borax 
solution and a piece of turmeric paper is steeped in this liquid 
for some time the colour of the paper is changed to cherry- 
red. 

Mix a little solid boric acid with 3 or 4 times its weight of 
solid polcuHum sulphate, and strongly heat the mixture in a 
cmcible, stirring the contents with a rod from time to time. 
Then dissolve in cold water and place a piece of fjermeric paper 

tin the solution ; tlie colour is not changed to red until 
iConcentrated hydrochloric acid is added ; hence the boric acid 
')ias decomposed the potassium sulphate to form potassium 
Taorat*. 
I Compare this result with that of ^xp. 1 of this Chop. 
i Exp. 6. Prepare a solution of albumen by shaking up a 
little white of egg with water and filtering. 

Prove (1) that a solution of vietap/iosp/ioric acid (HPOJ 
ppts, albamen from this liquid ; 
^2) that acetic acid does not ppt. albumen; 

(3) that itodium melaphospkale (NaPO^) solution 
does not ppt. albumen ; 

(4) that a solution of sodium metaphosphate to which 
aeetic acid has been added does ppt. albumen. 

These reactions shew that acetic acid in aqueous solution 
IB a stronger acid than metaphosphoric, 

Kow make a small spiral on the end ot a ^\ece ct ^Xa.'&Ksvtft- 
^Jre; place a little solid metaphospharic acid m tiivva ^.■^vv'^i 
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heat it, and dip the melted mass into powdered potcbssium 
aulphcUe; repeat this, until the bead has become nearly 
infusible in the Bunsen-flame. Dissolve the solid on the wire 
in water and add albumen solution; the albumen is not 
precipitated; now add some acetic acid, the albumen is 
precipitated. 

These reactions shew that solid metaphosphoric acid dis- 
places sulphuric acid from potassium sulphate when this salt 
is strongly heated with the acid. Sulphuric acid is volatile, 
metaphosphoric acid is non-volatile, at a red heat. 

Reference to " Elementary Chemistry." Chap. XIII. 

The student should now be required to devise and conduct 
experiments bearing on the subjects treated in Chaps. I. to XYUL, 
and to reason on the results he obtains. That he may do this 
satisfactorily, it will sometimes be advisable to set before him the 
outlines of suitable experiments in the form of questions, which he 
must answer by experimentally applying the knowledge gained by 
his work in the laboratory and his reading in connexion with that 
work. Appendix I. contains a few questions which may be found 
useful. Appendix II. contains a few questions rather more difficult 
than those in App. I. ; some acquaintance with volumetric analysis 
is required to work out the questions in App. n. 

The student should now work through a course of qualitative 
analysis sufficient to enable him to analyse qualitatively easy mixtures 
of metallic salts. This course should be followed by one comprising 
the more important processes of quantitative volumetric (or titri- 
metric) analysis, and a few simple gravimetric analyses. 

A few tables are given in Appendix m. which may be useful in 
qualitative analysis ; but these tables must not be used until the 
student has conducted experiments illustrative of the principles on 
which the tables are framed, and has made himself practically 
acquainted with the reactions which are used as tests for the various 
metals and acids. 

The experiments described in Part II, of this book assume that 
the student has a fair practical acquaintance with qunlitative, and 
quantitative volumetric ^ analysis; and that he can accurately perform 
the ordinary processes of gravimetric analysis^ such as the m>ampU' 
lation of precipitates , weighing ^ <&c* 
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aw of multiple proportions. JVTien Itoo el&inenla 
toJoTTti more l/tan one cmnpimnd, the magses of ojie of 
vnt» whie/i combme vnt/i a constant nuns of the other 
'tear a simple rdation to each otlter. 
rmine the ratio of oxygen to nitrogen in (1) nitrous 
!, (2) nitric oidde, each of which is a compound of the two 
s osygen and nitrogen. 

Exp. 1 . Arrange an apparatus aa shewn in Fig. 36. Aiaa 
small hard glass flask ; this is connected with two bottles con- 




taining concentrated snlphurie acid; at a is a piece of caoutchouc 
tubing with a screw clamp ; the exit tube from the second of 
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these drying bottles passes into a piece of hard glass tatnng 
about 15 ceDtioiB. long (B) arranged so that it can be heated 
by a couple of Bunsen-lampa ; the other end of this tube is 
connected with a. large bottle of about 2 litres capacity (C); 
another tube pasaes from the bottom of this bottle through ths 
cork and is connected with a piece of caoutchouc tubing . 
furnished with a small screw-clamp. The cork of C mast fit 
veiy tightly. i> is a perfectly dry beaker capable of holdiiqi; 
about 500 C.C. 

Place about 15 grms. of dry ammonium nitraie in A ; looee^ 
fill B with well cleaned and perfectly dry copper tumin^j 
completely fill C with water; suck at the end of the caoutchov# 
tube until a few drops of water flow out, and then firm^ 
close the screw-clamp. Now remove the corks from B; plsicefc 
uork in each end of the tube, and weigh it with its contentu 
and then replace it. Heat B gradually until it ts at a full ra 
heat ; while this is being done disconnect A f ram the rest of 
the apparatus at the point a ; cautiously heat the amnioniua 
nitrate in A until it melts and evolves gas, but do not rail 
the temperature higher than suffices to caoae the evolution a 
a fairly rapid stream of gas ; after a few minutes connect i 
with the rest of the apparatus, and at once open the screw-clan^ 
so as to allow water to drop quickly, but not to flow, from I 
into the beaker D. The tube B must be kept at a red he 
while these things are being done. Nitrous oxide is produo 
in A (NH.NO^ heated = N,0 + 2H,0 ; if the temperature 
allowed to get too high other changes are produced). T 
nitrous oxide is dried by the concentrated sulphuric acid, ai 
is then decomposed by the hot copper in B, with formation 
nitrogen and copper oxide (Cu + N^O heated = GuO + 2N) ; tl 
nitrogen collects in the bottle C, the copper oside remains in R, 

The progress of the decomposition in B may be traced bji 
observing the change of colour from red copper to black coj 
oxide ; care must be taken that the copper at the end of 
nearest C remains bright and unoxidised at the close of 
experiment, for should the whole of the copper be oxidised a 
portion of the nitrous oxide will almost certainly pass 
changed into C. Care must also be taken that the end oj 
the caoutchouc tube iu D remains beneath the surface of th0 
water in D. When about 200—300 cc, of nitrogen hart 
collected in C the lamps are removed ; when the stream of gi 
has slackened the screw-clamp at a is firmly closed and the coi 
ia instantly removed from A \ the appacafcas. \a ■qo-s allowc 
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to cool ; the corks are removed from B, and t}iase wfiich 
closed the ends of the tube when it was previously weighed 
^re put in their places. The water in the be^er D is 
carefully measured in c.c. ; the temperature of the air, and 
■fche barometric pressure are noted ; and B and its contents are 
tareighed. 

^F- The increase in the weight of B gives the mass of oxygen 
Vvbtained from the nitrous oxide which passed over the hot 
"copper. The volume of water in iJ is equal to the volume 
of nitrogen obtained from the nitrous oxide ; this volume 
ia reduced to 0° and 760 mm,, a correction being made for the 
jiressure of aqueous vapour at the temperature of observation ; 
and the weight in grams of nitrogen is found by multiplying 
-the corrected volume in c.c. at 0° and 760 mm. by ■001257, 
inasmuch as 1 c.c. of nitrogen at 0° and 760 mm. weighs 
■001257 grams. 

From the results obtained calculate the mass of nitrogen 
^hich combines with 8 parts by weight of oxygen \o form 
itrouB oxide. 

Exp. 2. Modify the apparatus used in Exp. 1 by 
Bitting a larger flask, £tted wiUi a safety funnel, in place of A, 
_' mge the rest of the apparatus an in Exp. 1 ; weigh B 
■with its contents; fill C with water, ifec. as in Exp. 1. Into 
the flask A put about 10 grams of copper tumingg, cover these 
with water, and add nitric acid (spec. grav. about 1'2) by the 
funnel tube until a fairly rapid stream of gas is evolved ; 
allow the first portion of the gas to pass away at a. Nitric 
oxide is produced by the interaction of copper and nitric 
aoid 3Cu + 8HN0,Aq = 3Cii(N0„),Aq + 4H,0 + 2N0 ; when 
nitric oxide is mixed with oxygen a dark red gas — NOi and 
N,0, — ia produced. As soon as the gas filling the flask A is 
quite colourless and the copper in £ ia red hot, connect the 
exit tube from A with the rest of the apparatus, and open the 
^crew-clamp so that water drops quickly, but does not flow, 
from G. When the greater part of the copper in B is oxidised 
remove the lamps ; close the screw-clamp at a, and instantly 
remove the cork from the flask A ; allow everything to cool ; 
' '\ B and its contents; and measure the water in D. 
oxide is completely deoomposed by hot copper to 

)n and oxygen ; the oxygen combines with the copper 

n copper oxide. 

■an the. resuJts obtained ciilnulate t\^c ToasR "a^ ■(vi\,tr>^^\. 
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eight of oxygen to form 

tf Che eiperimenta ore c«refaU7 oondaetei. joa find th&t the maeeei 
o( uitro^D which eambine with & fixed mass of oxygen to fonn i ' 
Knd uliio oxides ve in the tatio i : 1. 

Se/erervx I 
to 64. 

Law of reciprocal proportions. The 
ferent ^artenlt vhiek wtvroAy MimMne tniA o 
matt of another element are aUo lAe mattM of these elemetU 
icAkA tombing with eaeh other, or they bear a simple relati»i 
Iclhasem 

Prepare and analyse a compound of each of the elemend 
snlphar and chlorine with the element lead, and thea a o 
pound of sulphur and chlorine with each other. 

Exp. 3- Prepare and analyse feW guiphide. 

Dissolve alraat 30 grams of pure lead nitrate in cold 
water; add one or two drops of dilute ntfrrc acid; warm gently, 
and pass a stow stream of well washed gulphuretted hydrogen 
into the liquid until it smells strongly of thiH gas. Warm the 
liqnid holding lead sulphide in suspension to about 60" ; ^Ft«r 
10 or 15 minutes again pass in sulphuretted hydrogen for 
some timft Now heat the contents of the beaker nearly to 
boiling ; allow the pp. of lead sulphide to settle ; wash it 
repeatedly, by decantation, with warm water; then transfer 
the pp. to a basin and dry it over sulphuric acid in vacuo. 

Weigh out accurately, into a large weighed porcelain 
crucible, about '5 gram of the lead sulphide you have pre- 
pared. Place the crucible on a water-bath and add a few 
drops of very concentrated fuming nitric acid ; heat on the 
bath until all visible action ceases; then add a very little 
nitric acid, continuing to heat on the bath. Continae 
treatment, taking care to add the concentrated nitric aeid' . , 
slowly, until not a trace of unchanged black lead sulphidf 
visible in the crucible ; add no more acid, but heat ot the' 
bath tUl the contents of the crucible are dry ; then heat over a 
small Bunsen-flame gradually raising the temperature till the 
bottom of the crucible ia red hot, taking care that the gases 
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produced in the flame of the Bunsen-lamp do not oome into 

contact with the contents of the crucible. After a. few minutea 

allow to cool, acd weigh. 

The lead sulphide is oxidised, at tJie expense of the nitric 

ad, to lead sulphate. 

From the weight of lead sulphate found, calculate the ratio 

lead to sulphur in the lead sulphide, assuming that the 

ibstance you prepared was a compound of lead and sulphur, 

and of these elements only, and that the composition of lead 

sulphate is expressed by the formula PbSOj. 

tLoftd and sulphur oomhiae to form lead aulphide in the ratio 1 : -155. 
Exp. 4. Prepare and analyse lead chloride. 
Dissolve about 20 grams of pure lead nitrate in as little 
Id water as possible ; add pure dilute hydrochloria acid little 
by little as long as a white pp. of lead chloride is formed. 
Allow the pp. to settle ; recryatallise repeatedly from hot 
water; then transfer the pp. to a basin and dry at 100°. 

k Weigh out accurately, into a large weighed porcelain 
cible, about '5 gram of the lead chloride you have pre- 
ed ; and convert it into lead sulphate by treatment with 
■8 concentrated sulphuric atid, added little by little to the 
lead chloride heated on a water-bath, in much the same way 
as directed in Exp. 3. Finally heat to redness and weigh the 
lead sulphate. The hydrochloric acid produced in the reaction 
(PbCL, + H,80, = PbSO. + 2HC1) is volatilised. 

Assuming that the substance you prepared was a compound 
of lead and chlorine, and of these elements only, it is easy to 
calculate the ratio of chlorine to lead from the results of your 
analysis. 

Lead and chloiiue combine to form lead cUoride in the ratio 1 : '313. 

^ Exp. 5. Prepare and analyse sulphur chloride, 

^B Place about 30 grams of sulphur in small pieces in a dry 

^^^Btort the beak of which passes into a small dry flask kept 

^^Bold by a stream of running water. Fit the neck of the 

tBtort with a good cork through which passes a tube coming 

from an apparatus for evolving perfectly dry cHorine. Heat 

the sulphur, and pass dry chlorine into the retort ; the 

chlorine is rapidly absorbed and a yellow liquid is formed. 

When the contents of the retort are quite li{\uid stoij the 

aitream of chlorine, put a little sulphur uito ^^ift ta^T\., ■a-'oi. 
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heat until the greater part of the liquid has distilled over 
tlie receiver. 

Pour tJie liquid from the receiver into a distUling flaEk; 
connect this flaak with a condenser and receiver; 6t a t" 
nioniet«r into the flask, and distil ; have 3 or 4 stnall 
Hasks ready, and collect the liquid which boils 




and UO" separately from the rest (». Fig. 37). Redistil thi) 
liquid, collecting that wliich boils from 137° to 138°; this ir^ 
nearly pure sulphur chloiide. 



Prepare a siDal! bulb of thin glass with a drawn out neck 
about the size shewn in Fig. 38. Weigh this bulb 
accurately ; wann the bulb for a few seconds, and at 
once plunge the open end into the sulphur chloride you 
Lave prepared ; the liquid is forced up into the bulb 
and nearly fills it. Now close tlie open end of the 
bnlb by holding it for an instant in the flame of a 
Bunsen-lamp ; allow it to cool, and weigh ; you thua 
find the weight of sulphur chloride in the bulb. Place 
the bulb in about 300 c.c. of water ; break the bulb l>y 14 on 
the help of a glass rod ; add a good deal of nitric acid, 
warm, filter if necessary, and then add silver nitrate solution 
so long as a pp. of silver chloride is formed : wash this pp. 
tAorougbly with hot water by decanttAion.-, ttve& ooUect and 
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weigh it. (For details a manual of quantitative analysis must be 
consulted.) 

Sulphur chloride interacts with water to form hydrochloric 
acid, sulphur dioxide, and sulphur. 

From the weight of silver chloride found, the weight of 
chlorine in the quantity of sulphur chloride taken is calculated, 
and from this the ratio of chlorine to sulphur is deduced, 
assuming the substance you have prepared to be a compound 
of sulphur and chlorine only. 

Sulphur and chlorine combine to form snlphur chloride in the ratio 
1 : Ml. 

State the results of Exps. 3, 4, and 5 so as to shew (1) the 
mass of sulphur you have found combined with 1 part by 
weight of lead, (2) the mass of chlorine you have found com- 
bined with 1 part by weight of lead, (3) the mass of chlorine 
you have found combined with that mass of sulphur which 
combined with 1 part by weight of lead. Then shew how 
your results illustrate the law of reciprocal proportions. 

Reference to "Elementary Chemistry." Chap. V. pars. 
66 to 73. 
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EQUIVALENT AND COMBINING WEIGHTS. 

The equivalent weights of a series of elements or compounds 
must be determined with relation to some one defined chemical 
change; those masses of the various bodies which severally 
bring about, or take part in, this specified change are said to 
be equivalent. 

The combining weight of an element is usually taken to be 
that mass of it which combines with, or replaces, 1 part by 
weight of hydrogen, 8 parts by weight of oxygen, 16 parts by 
weight of sulphur, or 35-5 parts by weight of chlorine. 

Exp. 1 . Determine the masses of aluminium^ magnesium^ 
zinc, and tin, which severally interact with hydrochloric add 
to produce 1 gram of hydrogen. 

Procure three glass tubes, each closed at one end, capable of 
holding 100 c.c, and graduated to ^ c.c. Perfectly fill these 
tubes with dilute hydrochloric acid, about 1 part concentrated 
acid to 2 parts water, invert each in a small basin of 
dilute hydrochloric acid, and firmly clamp each tube. Now 
weigh out accurately small pieces of aluminium, magnesium, 
and zinc, in the form of thin foil; take about -05 gram of 
aluminium, about '06 gram of magnesium, and about '2 
gram of zinc*. Put each little bit of metal into a 
very small glass tube closed at one end, about the 
size shewn in Fig. 39, and fill these tubes with water. 
Close each tube with a loosely fitting plug of glass- 
wool. Press the finger over the open end of each 
tube, taking care that no air bubbles are admitted; ^ig-39. 

* These quantities will evolve something like 70 c.c. of hydrogen from 
hjrdrochJonc acid. 
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ing each tube under the acid iu the Lasin and beneath the 
Mning of the graduated tube, then remove the linger, and 
r the graduated tube so that the small tube coQtainiDg the 
"inetal cannot escape. The acid and metals interact; the 
hydrogen evolved collecta in the graduated tubes. When the 
reactions have whaily ceased, move each tube and basin into a 
wide deep vessel containing water ; remove the basins and 
lower tie tubes until the levels of the liquid inside and 
outside are the same ; then read ofT the volume of hydrogen in 
each tube. Determine the temperature and pressure of the 
air ; make the necessary correction for the pressure of water- 
"Vapour at the temperature of observation. 

From the data thus obtained calculate the masses of the 
le metals which have severally produced 1 gram of hydrogen 
y reacting with hydrochloric acid. These masses of the three 
petals are equivalent inasmuch as they bring about equal 
mounts of a certain cliemical change, viz. replacement of 
wdrogen from hydrochloric acid. 

The uumbera ought to bo 9 for aluminima, 12 for Tnagneaium, and 
ia-5 foe Bine. 

The foregoing method ia not applicable to the case of tin, 
yrhich is dissolved by cold hydrochloric acid only with extreme 
slovrness. 

Arrange an apparatus as shewn in fig, 40. The small flask 

A is fitted with a sound cork, the under surface of which must 

Mbe perfectly smooth. Through this cork pass an entrance 

Bpbe a connected by caoutchouc tubing with the burette B, 

BbuI an exit tube h. The bore of the exit tube is contracted at 

Kdand e, so as to keep in position a plug of glass-wool placed 

between the contracted parts. The extremity d of the exit tube 

must bo flush with the under-surface of the cork. To use the 

apparatus place an accurately weighed quantity of tin foil 

(about -2 to '3 gram) in the fiask A, pour on it a few cubia 

centima. of a concentrated solution of plalinic chloride*, then 

fill the flask completely with air-free water and cork it. Fill 

B also with air-free water and turn on the tap c till the stream 

of water from the burette has completely expelled all the air 

from the flask and the exit tube. Now bring the collecting 

tube C into position on the bee-hive ; empty B of water and 

* Tin prcEipitatea metBllic platinum from the cUoride, «oi \!iii4 
platinam-tiD coujile thus obtained interaote moie Te&^7 V\^ "Ci^ 'b«^A 
than tin stone. 
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Pig. 40. 

%he latter to boiling. When hydrogen is no longer evolv< 
nffUD fill the apparatus completely with water from ' 
Itoluce the volume of hydrogen in C to 0" and 760 mm., i 
cAlculat« the mass of tin which has produced 1 gr&m 
hydrogen hy reacting with hydrochloric acid. 
The remit ahoiUd be 59 grams of tin. 

Exp. 2. Determine the masses of magnesium and 
whicli neverally combine with 8 parts by weight of oxygen. 

Accurately weigh a large porcelain crucible with its 1 
weigh out about '6 gram of thin tin/oil into the cmcit 
place the crucible on a sand-tray, and add nitric aeid, a d 
or two st a time, so long aa 11117 "visiNAft o*ft.\an (KKMra. 1 
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tin is oxidised to atannic oxide, aad water and oxides of 
as gases. When the whole of the tin has 
a. white powdery mass has taken its place, put 
^&B lid on the crucible, and heat the sand-tray gradually to 
3, removing the lid for a second or two from time to 
e ; thea remove the crucible to a triangle and heat strongly 
fcr a few minutes. Allow to cool and weigh. 

From the results obtained, calculate the mass of tin which 
s combined with 8 parts by weight of oxygen. 

Arrange an apparatus as shewn in Fig. 41. A is n small 
dry bulb of hard glass connected with two small light U 
tubes £ and C ; the limb of B next the bulb A contains clean 
broken glass thoroughly wetted with water ; a is a. plug of 
loosely packed glass-wool ; the other limb of B and the tube C 
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Fig. 41. 

aitain calcium chloride. The open end of the bulb A 
_ mmooicates with two large U tubes containing calcium 
chloride, and these with a bottle containing potash solution. 
The exit tube from C is in connection with a water-pump : 
when the pump is set in action a stream of air, freed from 
carbon dioxide and moisture, is sucked through the whole 
apparatus. 

Weigh the whole apparatus. Then place about "3 to ■* 

giBJU (accurately weighed) of magnesium ribbon in A; heat 

gently while a slow air-current is kept passing through the 

I apparatus, then raise the temperature untU ttve n\a^esm.-ai. 

I Iniras. By regulating the rate ot the ait-cutTfeiA, wr.4 'flt«> 
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temperature to wiiich A ia raised, the magneEinm may tej 
completely burnt to oxide and the whole of the oxide retain 
in A and in tho tubes Ji and G ; the calcium chloride i 
to retain any moisture wluch may be volatilised from i 
wet glass in B. When the combustion b finished aJlow t 
apparatus to cool, and then weigh it. 

Let the weight of the apparatus before the esperiment i 
X grams, the weight of magnesium burnt be y grams, and tl 
weight of the apparatus and magnesia after the eKperimei 
be z grams, then the sum of x and y deducted from a 
the grams of oxygen which have combined with the y j 
of magnesium to form magnesia. 

From your results calculate the mast 
combines with 8 parts by weight of oxygen to form r 



A comparison of these results with those obtained in 
Esp, I shews (1) that the mass of magnesium which evolves 
1 part by weight of hydrogen from hydrochloric acid is also the 
mass which combines with 8 parts by weight of oxygen ; and 
(2) that the mass of tin which evolves 1 part by weight of 
hydrogen from hydrochloric acid is a simple multiple of the 
mass which combines with 8 parts by weight of oxygen to 
form stannic oxide. 

Tin forms another compound with oxygen (stannous oxide) 
in which tin and osygen are combined in the ratio 59 ; 8. 

Exp. 3. Determine the combining weight of sifoer l^ _ 
finding the mass of this meta! which combines with 8 pat^ 
by weight of oxygen to form silver oxide. . 

Prepare silver oxide ; then decompose a weighed quantiM 
of it by heat, weigh the silver which remains, and i 
the volume of oxygen evolved. 

Dissolve about 6 grams of pure silver nitrate in water ii 
flask ; pour freshhi prepared clear lime loater into the Bat 
through a filter arranged so that the lower end of the f " 
dips under the surface of the nitrate of silver Bolntion ^ 
continue to add lime water with constant shaking go long ai 
any pp. forms ; perform tiiis process as quickly as possible,-^ 
because if moist silver oxide is exposed to tlie air for any 
length of time it interacts mtti tVe caT\«ni 4\ox\de of the ait— 
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I form silver carbonate. When precipitation ia complete, 
plose the flask with a cork, and shake the contents violently; 
jUow the pp. to settle, pour off the clear liquid, and wash the 
) quickly as possible with hot water, by decantation, 
mtil the washings nearly cease to shew an alkaline reaction 
rith litmus and are quite free from nitrates. 

3 reaction occurring in the tlask is thus represented in 
■ I 2AgN0>q + CaOAq = Ag,0 + Ca(NOJ,Aq. 
When the silver oxide ia thoroughly washed transfer it to a 

I, and dry it at 100". 
Weigh out accurately from 2^ to 3 grams of the dry silver 
adde into a piece of hard glass tubing about 15 centima. long, 
closed at one end, which has been accurately weighed. Fit 
this tube with a very good tightly-fitting cork through which 
uses an exit tube as shewn in Fig. i2. Let the exit tube 
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i under the surface of water about half way up into a 
iduated 200 cc tube tilled with water, 
lently heat the tube, beginning a little way above the 
r surface of the silver oxide and gradually heating down- 
Is to the bottom of the tube ; slowly raise the temperature 
1 the contents of the tube are at a full red heat. Continue 
so long as any oxygen is evolved, The open end of 
; tube will now be above the surface of the wat«r in 
s graduated tube. Eemove the lamp and allow the apparatus 
ocool. 

Weigh the hard glass tube with its contents; the difierence 

Btween this weight and that of the empty tube gives the 

^t of silver obtained from the weight of silver oxide taken. 

that the compound you prepared wea ^\i\fe ^" 
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oxid^ calculate the man of al-nr oombined «itb 6 parts hj 
weight of oxygen- 
Bead off the volome of oxj^en in tlie graduated tube after 
eqiwUsiiig the presnireB inside and outttde as already described 
in Exp. 1 ; make the neeesaaiy correctimu ior tranpentare, 
pressure, aad pressare of water-raponr, and then find the 
weight of oxygen obtained. Now cslcolate the maea of silver 
combined with 8 parts by weight of oxygen in silver oxide. 

tf tbe eiperimentt are carefolly eoDdoeted joa End that lOB paita by 
weii^t at mlver combine witti S parts bf wd^it of oxygen to tarm r^ — 

Exp. 4i Ojxdic add is easily oxidised to carbon dioxide 
and water ;/t)rrou« galphate is easily oxidised to ferric snlpbate. 
Taking thoee masees of oxalic acid and ferrous sulphate which 
are oxidised by one aad the same mass of oxygen to be 
equivalent one to the other, determine the equivalent of 
ferrous sulphate, that of oxalic acid being taken as unity. 

Weigh out accurately into beakers about -.3 gram of pure 
cryetallised oxalic acid and about ~5 gram of pure firrmit 
mttphate. Dissolve each in water, add a good deal of concen- 
trated tuljAurie acid, warm, and at once run in a standard- 
ised solution of p<yta»»ium permanganate until each oxidation 
is completed. (For details s. a manual of quautitatiTe aoalyms.) 

As the strength of the permanganate solution is known, it 
is eaey to calculate the masses of ferrous sulphate and oxalic 
acid oxidised by a speciiied mass of oxygen, and as these nrn 
ore equivalent as regards this reaction, the equivalent of 
of the compounds is readily found when that of the other is 
taken as unity. 

One part by weight of crTstaUised oxalic acid (H,C,0,.3H^) ii 
eqnivaleut lo 2'41 parts of ferraus Bulphate (FeSOJ as regards quanti^ 
ol oxygen required to uiidis« both compouiidB. 

Eeference to " Element aht Cheitistby." Chap, V. para 
73 to 75; ahw Chap. XVIL para. 346 to 350. 




[Before begirming the experiments ia this chapter the 
student ought to read chapter XV. of " Elbmbktaby Oheh- 

ISTBY."] 

To determine the Tnolectilar weight of an element or oom- 
pound it ia necessary to find the specific gravity of the body 
as a gas. The product obtained by multiplying the specific 
gravity of the gas, referred to air as unity, by 38'8T ia the 
apecilic gravity referred to hydrogen as 2, in other words ia 
(approximately) the molecular weight of the gas. The mole- 
ciiiar weight of a compound gas must be equal to the sum, or 
to a multiple of the sum, of the combining weights of the 
elementary constituents of the compound ; hence the data 
required for the accurate determination of the molecular weight 
of a compound are, (1) accurate det«rminationB of the combin- 
ing weights of the elementary constituents, and (2) an approxi- 
mately accurate determination of the specific gravity of the 
compound as a gas. {«. eepedally pars. 294 to 300, Chap. XV. 
uf "Elementaet Chemistry.") 

The method for determining the specific gravities of gasifiable 
bodies introduced by v. Meyer is generally used. 

Exp. 1. Determiue the specific gravities of gaseous ether, 
alcohol, and water, and from your results find approximate 
values for the molecular weights of these compounds. 

As will be seen from the annexed figure (Fig. 43) the 
apparatus consists essentially of a large cylindrical bulb b 
of alxiut 80 c.c. capacity, fused on to the lower end of a glass 
tube about 500 mm. long, which has fused to its upper end 
an enlarged mouth-piece, provided with a well-fitting cork 
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d. Just beneath the enlargement, a capiUaty aide-tube c is 
given off. At the bottom of the bulb fi ia a small cushion of 
dry glass wool, or asbeatoa. The apparatus must be thoroughly 
dried before use, by blowing air into it with a bellows while it 
is gently heated. 

(1) To determine the vapour density of ether. 
Water is caused to boil briakly in the cylindrical glasa bath A, 
and the dried apparatus, with its mouth corked, ia so clamped 
that the bulb b ia M'ell surrounded by the steam in. A, while the 
capillary c dips into a small pneumatic trough. The air in b 
expands and escapes through a ; after a time equilibrium is 
attained, and no more air escapes. When this ia the case, the 
graduated cylinder e ia brought over the bee-hive ; the cork d 
is removed, the little flask f containing the ether is dropped 
into the apparatus, and the cork d is instantly replaced. The 
dry flask / has been weighed, and then again weighed when 
completely filled with ether ; the flask should contain about 
■05 gram of ether. The difference in the two weighings 
(;« grms.) gives the weight of ether used. The ether is 
quickly and completely vaporised in 6, and the vapour displaces 
a corresponding volume of air through e ; this air is collected 
in the graduated tube e. When the vaporisation is complete, 
as indicated by the cessation of air bubbles from c, the tube e 
is removed by means of a spoon to a vessel containing water, 
in which it is lowered until the levels of the water inside and 
outside the tube are coincident. The volume in c.c. V, the 
temperature (, and the pressure p, are then read ; and the 
pressure of aqueous vapour/ at the temperature t is noted. 
If the measurement had been made at 0° and 760 mm. 
Kthe volume of air would have been 



1 cc. of air at 0" and 760 mm. weighs "001293 grma. 

assuming that ether has the same coefficient il 
tthnsion as air, and that it could exist in t\»e gBseoM* ^Sniwi ^V 
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0° and 760 mm., it is obvious that w gruis. thereof under these 
conditiona would occupy 

l+-003665( 760 ' ' 

But the specific gravity of & vapour, «, is the ratio of tha 
weight of a certain volume thereof to the weight of the 
volume of air measured under the aarue conditions. Hem 



ive s = _ 11 1 1 

I+-003(565( " 760 " 1 

[It will be noted that the value found for a is independent 
of the temperature of the bath ; it matters not what this may: 
be so long as it is high enough to rapidly vaporise the body 
experimented on, and ia constant during the experiment.] 

The theoretical speoifio gmvitj ot ether vapour (pir= i) ia 2' 66. 

It ia generally necessary to purify the ether. This is done tw 
allowing il to Btonii for several houra over fuaed CaCl, ; then pooring it 
off into a Qaak oontaining thin slices of sodium. The Qask should be 
provided with a cork through which an open chloride of caloiom tube is 
inserted ; this allows of the escape of hydrogen, hut preveDts absorption 
of atmospheric moisture by the ether. When the hydrogen bubbles havft 
entirely ceased to be disengaged, the ether is anhydroua and free l!roa 
alcohol, and is ready for use. 

(2) The specific gravity of alcohol vapour. Since 
alcohol has a much higher boiling point than ether [alcohol, 
B. P. = 78"; ether, B. P. = 35-5"] it ia advisable 'in determining 
its specific gravity to use an aniline-vapour bath instead d 
a Bteam bath. Aniline boils at 182°. At this temperature 
alcohol is rapidly vaporised ; whereas at a temperature of 
100° the vaporisation although complete would be much slower. 
But the more rapid the vaporisation the less chance is there 
of error due to the diffusion of the vapour into the colder 
parts of the apparatus and its condensation there. 

The alcohol used should first be rendered as nearly an- 
hydrous as possible by letting it stand for several hours in a 
corked Hask either over aiikydroui copper sulphate or over 
freshly-burnt and coarsely powdered quicklime, and finally 
distilling off on a water bath. 

The experiment is executed, and the result calcula 
exacHy as in the case of ether. 
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(3) The specific gravity of water vapour. Al- 

K^iougli an aniline batli would serve in tliis case, yet it is well 

P.khat the student should familiarise himself with the use of the 

nlphur bath, which is much used when a high and constant 

^temperature is desired. Coarsely powdered sulphui' is at first 

Eautioualy heated iu the bath A (Fig. 43) till It melts, und then 

■ strongly heated till it boils, which it does at a temperature of 

about 440°. The experiment is conducted, and the result 

aalculated, aa before. 

You now know that the molecular weight of water-gaa is 
^proximately 18. To find whether it is exactly 18 or not, 
a must determine the mass of oxygen which combines with 
t part by weight of hydrogen to form water, 

Exp. 2. Quantitative synthesis of iixitfr. Arrange an 
Bfcpparatus as shewn in Fig, 44, A is ». piece of liiu'd glase 
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tabiug about 15 — 20 eentims. long; B and G are small light 

tubes containing dry calcium chloride ; each tube is 

ihoroughly dried before the calcium chloride is put into it ; 

the corks of B and C must fit very securely ; these corks are 

)dried in a steam bath before use. Two little pieces of caout- 

Whouc tubing are provided, each fitted at one end with a small 

if^ass rod as a stopper, of such a bore that they will just pass 

Ipver the ends of the tubes a and 6. The tube A is thoroughly 

'""ried. A quantity of pure copper oicide, CuO {prepared from 

■copper wire), is strongly heated over a lamp, and then quickly 

(transferred to A, which should be about J filled with it; 

t good cork carrying a tube of calcium chloride is at once 

(placed in one end of J, the other end ia tvYci^ iiw«efi.\f^ b. 
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good cork, (lud A is uJlowed to cool. Tlie U tubes are closel 
by the caoatchoac caps placed over a nod b. A gas-holder fa 
now filled with hydrogen, prepared by the interaction of pnr 
aino and pure sulphuric acij diluted with about 20 volumes 
water in a flask kept cold by being surrounded with t 
water, the acid being added when it is quite cold and then i 
small Bucceeaire quantities. The eicit tube of the gas-holder i 
connected with 2 or 3 bottles containing concentrated sulphni ' 
acid, and these are followed by a pair of large U tubes oO 
taining calcium chloride and a small tube containing phospIiorD 
pentoxide. The hydrogen is caused to How in a gentle etreai 
through the drying bottles and tubes for a little time. Whs 
A is cold, it is carefully weighed ; the tubes £ and C are all 
weiglied. The caoutehouc caps are withdrawn from the tub« 
a and b (the caps must be carefully preservod) ; the tube e 
pushed through a good cork which is then tightly fitted ii 
A. A very good, soft, tightly fitting, cork, carrying a t" 
piece of glass tubing, is now placed in the other end of A, i 
this glass tubing is connect^ with the hydrogen apparattu 
A slow stream of hydrogen is allowed to pass through til 
entire apparatus for about 5 or 10 minutes; the tube A i 
then cautiously heated beginning at the end nearest tba 
oalcium chloride tubes and gradually extending to the othef 
end. It is advisable to have two Bunsen-lamps, so that wbils 
one is used in heating the main part of A the other may keep> 
the end of A nearest the U tubes so hot that water ca 
condense thera. To pi'event all risk of charring the ( 
it is well te have a disc of asbestos cloth with a slit i 
which can be slipped over the tube near the cork. TIh»| 
heating of A is continued until the colour sliews that tbi 
greater part of the black copper oxide has been convertei 
into red copper. Before this point is reached an apparata 
for evolving a stream of carbon dioxide is prepared. T" 
hydrogen-generator is removed, and the exit tube from 1 
flask in which carbon dioxide is being prepared is attached ti 
the drying bottles and tubes. The tube A is kept red hot fi 
10 or 15 minutes while the carbon dioxide stream passes throng 
it ; by this means the last ti'aoes of water are driven out of i 
into B and G. The carbon dioxide is tlien stopped, and titA 
apparatus is allowed to cool. The parts are detached, and thi 
corks &c. are adjusted as at the beginning of the experiment 
A is weighed, and also B and C together. The decrease in f 
weight of A gives the weight oi ox'Sfttiv "wXvvqIu Vaa oombin 
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witli hydrogen to form wat*r ; the increase hi the weiglit of B 
and C gives the water formed ; the difference between the 
weight of water and that of oxygen gives the weight of 
hydrogen which has combined with the oxygen to form water. 
8 parte by woiglit of oxygen oombine with 1 part of hydrogen to form 
9 parts of water. 

The results of Eicps, 1 and 2 in this Chap, shew that 16 
parts by weight of oxygen combiae with 2 parts by weight of 
hydrogen to form a molecule of water-gas. The atomic weight 
of oxygen is therefore not greater than 16, but it may be less 
than tliis number. In order to determine the value of the 
atomic weight of oxygen it would be necessary to find the 
composition of a number of compounds of oxygen and to 
determine the molecular weight of each {a. " Elekbntakv 
Chemistry," Chap. XV., par. 297). The following experiments 
(3 and 4) are performed with the object of finding whether the 
atomic weight of o.Yygen ia 16 or ft submultiple of 16; they 
also serve to establish a probable value for the atomic weight 
of carbon. 



1 



Exp. 3. I>eter 
4^ carbon dioxidi. 



'lecular weight and coviposition 
.pparatus as shewn in Fig, 45. 
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^ is a piece of hard glass tubing about 15 — -20 centims. long, 
oommunicating with the potash bulbs B, which again are in 
connection with the small light tube C ; at 6 is a little dry 
pure copper oxide {to oxidise any carbon monoxide that might 
be produced in the combustion). The bulbs B are tilled with 
a solution of potash (1 part KOH in 2 parts water) to such an 
gxtent that « fairly rapid stream of gas may be sent through 
'ke bulbs without danger of any liquid being lost by %^vclva%, 
mbe O contains loosely packed solid 'pot&s'h. 'tVe o&e.'c -atA 
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of A coutuuiiicates with &n apparatus for supplying 
regulated stream of pure dry oxygen. The oxygen is atom 
in a gas-holder, from which it is passed through two bottles {(; 
potash solution to absorb carbon dioxide, and then through t«a 
bottles of concentrated sulphuric acid and a large U tube conr^ 
taining calcium chloride to absorb moisture. The ^ " " 
are closed by caoutchouc caps and weighed ; the ends of G are 
also closed and the tube is weighed. A small porcelain boat 
(indicated by a in the fig.) is strongly heated, allowed to co<4 
and weighed; a little bit of dioimond is then placed in 
boat which is again weighed. The boat is now placed in 
tube A and the apparatus is arranged as shewn in the £gui« 
The copper oside, b, is gradually raised to full redness, a si 
stream of oxygen is passed through the apparatus, and ^M 
diamond is heated until it bums in the oxygen. The prodao" 
of the burning is carbon dioxide, which is absorbed by t' 
potash in IS and C. When the burning is finished the appam 
tuB is allowed to cool; B and C are weighed together, with ti 
caoutchouc caps on ; and the boat is withdrawn and weighed 
A very little ash remains when diamond is burnt ; tl 
weight of ash found is deducted from the weight of diamoi 
nsec^ and the difference gives the weight of pure carbon burn 
to carbon dioxide. The increase in the weight of B and C givi 
the weight of carbon dioxide formed. Assuming that the sol 
product of the burning was carbon dioxide, the results oh 
tained enable the composition of this compound to be e ' 
lished. 

The results of this experiment, if very carefully ort 
ducted, shew that 8 parts by weight of oxygen combine ^ " 
3 parts by weight of carbon to form 11 parts by weight I 
carbon dioxide. The molecular weight of carbon dioxide '• 
therefore /ill, where m is a whole number. We must nW 
determine the value of n. An approximately accurate d ^^ 
mination of the specific gravity of the gas carbon dioxide vj 
evidently suffice for this purpose, b^B 

Clean and dry a light flask of about 250 o.c. capacit] 
Close the flask by a very good well-fitting cork fltt«d with 
a short exit tube closed by a piece of caoutchouc tubing 
and a screw-clamp, and weigh it. In weighing the flask it is 
advisable to place Einother similar flask in the other pan and 
then to add weights until equilibrium is established. Note 
the temperature and pressure of the air. Pass a fairly rapid 
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stream of pate, per/erAlj/ dry, carhnn riioxide into the fliiak by 
ai tube reaching to the bottom: after 10 or 15 minutea very 
slowly withdraw thiB tube and inBtaiitly cork the flask, 
■taking care that the cork is pushed into the neck to the same 
^stance as when the first weighing was executed. Open the 
Kcrew-clamp for a moment to establish equilibrium of pressure 
Tvithin and without the flask, and again at once close the 
«lanip. Weigh again. Open the flask under potash solution 
(1 of potash in 2 of water) ; if the potash does not rush in and 
«ntirely flU the flask (shewing that the flask contained only 
«ftrbon dioxide) begin the Exp. again. Make a mark on the neck 
«f the flask at the point to which the cork reaches. Remove the 
cork ; fill tjie flask to the mark on the neck with water and 
determine the volume of this water; let it be a c.c. You have 
"thus determined the capacity of the flask. Calculate the volume 
which the a c.c. of air at the observed temperature and pressure 
will occupy at 0° and 760 mm.) then, knowing that 1000 c.c. of 
air at 0" and 760 mm. weigh 1-393 grama, find the weight in 
grams of this volume of air ; that is, find the weight of air in 
the flask when it was weighed full of air. Now deduct this 
weight from the observed weight of flask and air; the diflerence 
is the weight of the empty Bask. Deduct the weight of the 
empty flaak from that of the flask tilled with carbon dioxide ; 
the difference is the weight of the carbon dioxide. 

You now know the weights of equal volumes (re c.c.) of air 
and carbon dioxide at the same temperature and pressure. 
From these data find the specific gravity of carbon dioxide 
referred to air; multiply this number by 28-87, and you obtain 
the specific gravity of the gas referred to hydrogen as twice 
unity, that is you obtain an approximately accurate value for 
the molecular weight of carbon dioxide. 

The result of this Exp, shews that the molecular weight of 
«^bon dioxide is about 44. But you have already found that 
8 by weight of carbon combine with 8 parts by weight of 
1, and that the molecular weight of carbon dioxide is 
are »I! ; you have now found the value of n to be 4. 
s 8 parts by weight of oxygen combine with 3 parts of 
1, there must be 32 parts by weight of oxygen combined 
1 parts of carbon in 44 parts by weight, that is in a 
ale, of carbon dioxide. 

The results of Exp. 2 shewed that the atomic weight af 
^gen is not greater, although it may V)e \es,ft, t\\«w \^ ■, *i« 
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results of the present Exp. shew that t)ie atomic ' 
' oxygen is probably not leas than 16. 

TliereaultH of the present Exp, also shew that as 12 parts hy 
weiglit of cftrbon combine with oxygen to form a mole 
bon dioxide, the atomic weight of carbon is not greater than 12. 

Exp, 4. Determine the composition and tnofeeular weigid 
of carbon moTWieide ; aagwnitiff the epecijtc gravity of the gaa to | 
be knovm. 

Carbon monoxide gas is about 14 times heavier than hydro- 
gen ; therefore its molecular weight is approximately 2" 

"'" * eudiometer witli clean and dry mercury and invert 
leroury-t rough. Arrange a smal] flask with a funnel 
tube, and an exit tube connected with a bottle containing 
potash solution to absorb any carbon dioxide produced i 
reaction ; let the esit tube from this bottle be somewhat 
narrowed at the open end and lient so that this end can be 
easily brought under the open end of the eudiometer i 
trough. Place about 20c.c. of concentrated _/(ir7/*ic(«!taf solution , 
and about 100 o.c. of concentrated italphiiric acid in the flaat, [ 
and gently heat until a stream of carbon monoxide passei ' 
through the drying bottles (II,CO. - H,0 = CO). 

As carbon moiiomde is very poisonous these experiinenU ^ 
: must be conducted in a draught place. 

I After the lapse of 10 minut«B or bo you may be sure thatw 

the issuing gas is free from air. Now allow about 30 c ~" 

the pure carbon monoxide to pass into the eudiometer ; with— 

draw the lamp ; and aet aside the eudiometer. Meanwhile^^^ 
put about 6 grams of pure dry polaseiwm dUorate in a tube^^^ 
of hard glass ; draw out the open end of the tube and bend it=^^ 
into the shape of the delivery tube of an apparatus for makin^^^ 
and collecting oxygen or hydrogen. Place this tube in a^^^ 
olamp, and heat it gradually until a rapid stream of oxygen ii^^S 
evolved. While this ia proceeding, read off the level of th^^=3 
mercury in the eudiometer, also read the thermometer an<^^^ 
barometer, and the height of the column of mercury in th^^^ 

eudiometer, and so determine the volume of carbon monoxide 

By this time pure oxygen, free from air, will Ije issuing fronrr:^* 
the tube in which the potasRiura chlorate is heated ; cause th^^ 
oxygen to be evolved rapidly, then remove the lamp, andTS 
quickly carry the tube to the eudiometer into which pas^^ 
about 80 to 100 c.c. of oxygen. Press down the eudiomete "i 
l'&!m// on a pad of india-nAXjet moiatewii 'witVi a. solution c 
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marcuric chloride, and clamp it; tlien pass an electric spdrk 
through the gases ; the carbon monoxide ia burnt to dioxide 
(CO + O = CO,). Now slowly remove the eudiometer from the 
pad and aUow the mercury to rise. Bead the level of the 
mercury in the eudiometer, also the height of the column of 
mercury in the eudiometer ; these give the volume of carbon 
dioxide plus oxygen now in the eudiometer. 

Bring a few c.c. of a solution of potash (] part potash in 2 
of water) into the eudiometer by means of a bent pipette. 
The carbon dioxide is abBorl>ed; when absorption is complete, 
read the level of the liquid in the eudiometer, and the height 
of the colunm of mercury; the contraction which has occurred, 
making allowance for the short column of potash solution the 
specific gravity of which may be taken as 1'33, measures the 
carbon dioxide in the tube when the potash was added. 

You have now determined that a certain volume of wet 
carbon monoxide, say a c.c, at a specified temperature and 
pressure, when burnt gave a certain volume, say 6 c.c, of wet 
carbon dioxide at a specified temperature and pressure. The 
volumes of the dry gases at 0° and 7(J0 mm. must now be 
calculated; then, knowing that 1000 c.c. of carbon monoxide 
at 0" and 760 mm. weigh 1'251 grams, and 1000 cc. of carbon 
dioxide at 0" and 760 mm. weigh r96S grams, it is easy to 
find the weights of the volumes of the two oxides. 

When this calculation is made, you have determined that a 
certain weight, a grams, of carbon monoxide when burnt gave 
a certain weight, b grams, of carbon dioxide ; as you already 
know the gravimetric composition of carbon dioxide it is easy 
to find the weight of carbon in these b grams ; but this is also 
the weight of carbon in the a grams of carbon monoxide; hence, 
as this oxide is a compound of carbon and oxygen only, you 
have the data for finding the composition of carbon monoxide. 

The result of this experiment, if carefully conducted, is 
that 8 parts by weight of oxygen are combined with 6 parts of 
(arbon in 14 parts of carbon monoxide. 

The molecular weight of the gas is therefore nli where n 
iaa whole number; but n must be equal to 2, because carbon 
monoxide is about 14 times heavier than hydrogen. 

A molecule of carbon monoxide is therefore composed of 
16 parts by weight of oxygen combined with 12 parts by 
weight of carbon. 

The results of this experiment confirm the nMwfceTftV) o.tA 
12 an the atomic weights of oxygen and catlaoYi ipspec^vj^'j . 
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Exp. 2. Arrange an appiti-ataa aa ahewn in Fig. 46. A is 
n piece of hard glass tubing about 30 centims. long and 2 or 2 J 
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itims. wide ; » is a dry plug of piaster of Paris or of fairly 
tightly packed asbestos; a little freshly sublimed arrwionium 
chloride is placed at 6. The beakers £ and C contain water ; 
a few drops of red litmus are poured into j5, and a few drops 
of blue litmus into C. A rapid stream of hydrogen is passed 
ito the apparatus as indicated by the arrow : when the air 
all driven out of the apparatus the ammonium chloride at b 
heated, the hydrogen-stream being continued. The litmus 
in B soon turns blue, and that in C turns red. This indicates 
that the hydrogen passing out of the apparatus into £ carries 
in alkali with it, and that passing into G carries an acid with 
it. But the only acid and alkali that could be pi-oduced under 
the conditions of the experiiuent are hydrochloric acid and 
ammonia, respectively. 

Part of the ammonium chloride is diasociatfid in this Exp. 
by the heat into ammonia and hydrochloric acid; the ammonia, 
being about half as light, bulk for bulk, as the hydrochloric 
add gas, difiiises more rapidly than the acid through the plug 
ii the hydrogen issuing into B therefore carries with it some 
for the same reason, the hydrogen i-'tjiing into 
with it some free hydrochloric acid. 
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Further esperinients on dissociation will be found in PM 
ni, (Chap. II.). Meanwhile an experitueut may be performflt 
to illustrate the general statement that the amount of dtfr^ 
BOciatioQ oi a dissociable compound increaseB as temperatura 
increases (up to a certain limit), pressure being kept constant 

Exp. 3. Make 3 determinations of the specific gravity e 
the vapour obtained by heating tanylic br&mide by V. Meywl 
method, (1) using a bath of metityl »aUeylaU which boils B 
222°, (2) using a bath of bromonaphthalene which boils I 
280", and (3) uung a bath of mlphur which boUa at 150 
(These boiling points are approximately correct, pressure bi ' 
7S0 mm.) 

The formula of amylic bromide is C(Hi,Br ; when t 
compound is heated considerably above its boiling point {129 
it is dissociated into amylene (C,H,o) and hydrobromic ad 
(HBr); dissociation begins at about 160°, and tit about SS 
the vapour connists wholly of a mixture in equal voiumra i 
C(H,o and HBr ; at intermediate temperatures the vapo 
consists of CjH„Br, mixed with CjHm and HBr. The b'_ 
gravity of gaseous CfH;, Br, referred to air as unity, is 8'22; < 
specific gravity of a mixture of equal volumes of C,H„ m 
HBr gases is 2'61. If no dissociation occurs at a i 
temperature the observed specific gravity will be . 
complete dissociation occurs the observed specific gravity * 
be 2'6I ; and if partial dissociation occurs t' 
specific gravity will be a number between 5-22 and 2'61. 

The vapour obtained tj heating amylic bromide to about 330* 1: 
apeoific gravity of about 4'2; at 380° the specific gravity is about S'l; 
at iBO" it ia 2'6 ; preasure in each caao being normal. 

Reference to "Elementari Chemibtrv." Ciiap. XII. i 
233 to 236 ; also Chap. XVI. para. 333 to 337. 
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HB relative weight of the smaUest mass of a compounU 
ieh taken part in chemical iiiteractiona is determined by 
lantitatively studying some of the typical reactions of the 
mpound. 

I Exp> 1. Determine the reaetim/ wnu/ht of acetic acid (a. 
gnpound of- H, C, and 0); assumiiig the add to he monolia^ic, 
ami assuvwiff t/ie atomic wsipht of»ilver to he 108, 

Silvor acetate is decompose by heating in air ; silver 
i^mains, and the carbon hydrogen, and oxygen are burnt away. 
Prepare pure eilnet acetate by adding a solution of i-ecryatal- 
iised aodium acetate to a concentrated solution of aUver 
%Urate, collecting the crystals which fomj, and crystallbing 
Once or twice from hot water. Dry the crystals of silver 
iteetate by pressing between filter paper and then lieating to 
100°. Weigh out about -5 gram of the dry salt into a 
^rei^ed porcelain crucible with a lid, then heat gently to full 
redness over a Uunsen-lanip, and then for a few ininutes over the 
blowpipe (keeping the lid on the ci'ucible), cool, and weigh 
'Uie silver in the crucible. 

Calculate the percentage of silver, and deduct this from 
100 ; the difl'erence gives the carbon, Jiydrogen, and oxygen, 
combined with the silver to form 100 parts of silver acetate. 
The atomic weight of silver In 108; calculate the mass of 
earbon, hydrogen, and oxygen, combined with 108 parts by 
weight of silver to form silver acetate. As ncetic acid is 
monobasic, tlie acid would be obtamed ttom tte ^Anw wi». 
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H by replacing 108 of silver by 1 of hydrogen: make the 
H necessary calculation, and thus find the reacting weight of 
■ acetic acid. 

H Exp. 2. Auuimitig the eompoHtion of a reacting weight of 

H oxalic acid to be represented by tlie formula nHCO, (where n = 

9 a wMe nanAer), find Ike probable valtte of a. 

* Prepare a considerable quantity of a fairly concentrated 

solution of potash; about 150 grams potash ib 300 c.c. water. 
Dissolve in water about 60 grams of oxalic add; divide the 
solution into three equal parts ; exactly neutralise one part by 
the potash solution, and to another part add half ns much of th& I 
same potash solution ; evaporate both solutions to the crystal- 
lising point ; collect the crystals which form, and recrystolliii 
them twice from hot water. Dry each set of crystals 
pressure between paper, and then at 100°; weigh out eqnj 
quantities of the two solids, add aulfhwric acid to each, wann^^d 
and run in a standardised solution of polauiium permanganat^^^ 
until a faint pink colour is permanently produced. 

The fact that a certain mass of one of the solids rerjuire^^^ 
a quantity of permanganate to completely oxidise it verj^iM' 
different from that required by an equal mass of the other solid -^, 

shews that the two sets of crystals ai-e different salts. (I" 1 

is assumed that oxalates are wholly oxidised by permanganat^^-^ 
in presence of sulphuric acid.) Hence at least two potassiun^^w 
Baits can be obtained by interactions between potash and oxali c 
acid ; hence the composition of a reacting weight of oxalic aci^""l 
is expressed by a formula not less than HgC,0,. 

To the third quantity of oxalic acid (equal to tbo^^se 
already used) add twice as much potash as you know ^sb 
required for neutralisation ; evaporate ; collect the crysta—TIa 
which form ; recrystallise them three or four times from h^d't 
water ; dry ; weigh out a quantity equal to that taken of tkne 
former crystals, and titrate with pernianganate as befot"«. 
The result shews that these crystals are the same salt sas 
was produced by exactly neutralising oxalic acid wi*i 
potash. 

So far as these experiments go, oxalic acid appears to form 
two, and not more than two, potassium salts ; hence you 
conclude that the acid is dibasic ; and hence that the probaUe 
value of n in the formula mHOOj is two, that is, the com- 
,jX>aition of the reacting weight of oxalic acid is pi^babl/ 
led by the formula H^CiO^ 
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Exp. 3. Find l/ie reacting weight of liariuiii. oxide, by 
wndiiff the reaction tuMch occurs betioeen this base and an 
the reacting weight of which is known. 

It will be necessary to detenuiue the simplest formula to be 
pven. to barium oxide, aasuming the atomic weights of barium 
ftiid oxyg«u to be 137 and 16 respectively, and knowing that 
barium and oxygen are combined in barium oxide in the ratio 
137 : 16. 

Weigh out accurately about '5 gram of barimn aeide; add 
> measured quantity of dilute aftlphfuric acid the strength of 
which is known, adding so much that the liquid above the 
BoUd barium sulphate which forma is strongly acid to litmus; 
dilute ; warm for some time ; then allow the pp. of barium 
sulphate to settle ; add a drop or two of litmus solution, and 
determine the amount of sulphuric acid which remain^ un- 
ohanged by means of a, standardised alkali solution. 

I Calculate the mass of sulphuric acid which has been used 
to convert the barium oxide into sulphate ; then caloolate the 
isass of barium oxide which has interacted with each reacting 
VBight (HjSO^ = 98) of sulphuric acid. 
The result is that 98 parts by weight of sulphuric acid 
'8Ktct with 153 parts of barium oxide; but 98 is tbe reacting 
(reight of sulphuric acid ; therefore the reacting weight of 
liariuin oxide is probably not greater than 153. The formula 
BaO (Ba= 137, = 16) expresses the composition of 153 parts 
by weight of barium oside ; therefore the formula BaO prob- 
ably expi-esses the composition of the reacting weight of 
barium oxide ; the experiment with sulphuric acid shews that 
the reacting weight is probably not greater than 153) but it 
(anuot be less tliau this if the atomic weights of barium and 
uiygen are 137 and 16, respectively. 

Supplement the result obtained by performing a similar 
experiment, using standardised hydroc/Uorie acid instead of 
Bulphuric acid. In this case the barium chloride formed 
remains in solution; after adding a decided excess of hydro- 
chloric acid, determine the acid whicii remains by means of a 
BUndardised ammonia solution. Assuming the reacting weight 
*f hydrochloric acid to be 36'5 (HCl), the results of the experi- 
ment shew that one reacting weight of this acid interacts with 
^^~ 76'B parts by weight of barium oxide. But the reacting 
TOght of barium oxide cannot be less than 153 ; therefore we 
do that this oxide and hydrochloric acid interact to 
barium cliloride in the ratio, expressed in reacting 
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wei^ts, of 1 : 2. This result confinns that 'obtained 1 
nsiiig sulphuric acid- 




Exp. 4s Find tiie reactijtff tttu/ht of anUiii^ ; i 
Ihiat the double compauind vAtch Uut haaeformt with hydr» 
aeid aiul ptatinie cUoride has the eotnpogitwn 3XHC1. Ptfl 
whert X = OTie readiiuf vxigkt of ani/ine. 

It is first necesaary to purify the 'pure' aniline of commertt 
as follows. Bqual masses (say 25 grams) of aniline and glacial 
arefie acid are mixed in a rH»rt which is tilt^ upwards and 
attainted to a long glass tabe which serves as a condenser. The 
contents of the retort are heat«d to boiling for 12 hours, after 
which time the formatiou of acetanilide may be presumed to 
be complete. While the retort is still hot it is connected with 
a condenser, and heating is continued until the liquid whi ch 
passes over b^ns to solidify. This will happen at aha 
380° — 290°. The condenser is now removed and the receiv 
changed. The impure acetanilide which collects in the 
is puriJied by recrystallising once or twice from 
quantity of boiling water. The acetanilide is reconverted i 
aniline by heating it with potash in a flask fitted with i 
inverted condenser, and the aniline is blown over with steal 
The aniline is separated from the water as completely a 
possible, dehydrated by means of solid potash, and finally 
distilled; the portion boiling at 161° — 182" is pare aniline. To 
this pure aniline is added a slight excess of hydrochloric acid, and 
the solution is evaporated to dryness at 100°; the residue is 
dissolved in a small quantity of water, and the liquid is filtered 
if necessary. To the filtrate a fairly strong solution of plalinit 
chloride is added ; but care mMSt be taken that the platinum gak 
i» not in exeeag. The double chloride of aniline and platinum 
which is precipitated is strained off from the mother liquor, and 
a small quantity is dried at 100° in a weighed crucible. Tbe 
crucible plua dried salt is weighed ; and the salt is then decom- 
posed by Jieating it at lirst gently and finally strongly over a 
Bunsen-flame. The residual metallic platinum is weighed. 
Let lo' = weight of double chloride 
„ w" - „ „ residual platinum, 
and let X represent tiie reacting weight of aniline. Since llie 
platinum double salts of nitrogenous bases are constitut«d Mi 
the same type as the platinum double salts of ammonia, it 
follows that 2XHC1 . PtC\, represevAs ftve oQio^iimlwm of the 
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e platinuin chloiida The reacting weiglit of this double 
chloride is 3X + 73 + 339-5 ; on decomposition tliis uiuss would 
yield 1^7*5 of pliitinum. Hence the equation must hold 
3X+ 73 + 339-5 _v/_ 
197'5 ^w" 

tnd from this X is easily detennined. 

'e observed that this is a fairly general method 
■r finding the reacting weights of organic baBee. 

Exp, 5. The reacting weight of iron-fmunonium alum is 
- egged by tke/ormvla n(NH,Fe(80,),.12H,0) ; find wli^tlier 
xUue ofu is 1 or 2. 
If the formula which expresses the composition of a 
I-Macting weight of iron aluin ia (NHJ_,Fe,{SOJ, . 24H,0 it may- 
be possible to partially dehydrate this compound and obtain 
the hydrate (NH,),Fe,(SO.). . H^O, whereas if the formula 
of the alum is NH^Fe(80J, . 12HjO the composition of the 
lowest hydrate which could exist would be NH,Fe{SO,), . H^O 
= (NH,),P(^(80.), . 2H,0. 

Detenainations of the ratio of the water lost to the solid 
remaining when iron alum is heated to difi'erent temperatures 
will therefore enable us to decide between the two possible 
formulae for this compound, provided it can be proved that 
dehydration is the only change which occurs when the alum is 
heated to tiiese temperatures. 

[Before beginiung the Ebtp. read Luptou on The formulae 
ftheahinu, C. 8. Journal, (2). 13, 201.] 

Rooryatalliae some vrotimnvtonium alum from water; powder 
^ few grams, dry by pressure between paper, and at once 
igh out about -5 gram into a small porcelain boat. Place 
e boat in a small hard glass tube ; connect one end of the tube 
FVitb aooupleof drying bottles containing concentrated sulphuric 
Siaid and the other with bulbs containing Negsler'a reagent for 
detecting ammonia. Arrange the tube in a small air bath 
fitted with a thermometer ; draw a slow current of air through 
the tube, and heat to 150° until the weight of the substance 
in the boat is constant. Observe that ammonia is not given 
off during the operation. Then raise the temperature to 
230° until no further loss of weight occurs, observing that 
at evolved. 

Having thus proved that the changes which occur at 150" 
iiDiple dehydratiouB, calculate t\ie nom.^wsv'WOTi. oV 
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the salt which remained after heating to 150° and of that 
which remained after heating to 230°. Finally prove that 
moist ammonium sulphate evolves ammonia at about 120"— 
125°. 

Shew that your results confirm the formula 

(NH,),Fe2(S0 J, . 24H,0 

for iron-ammonium alum. 

The salt formed at 15Q9 is (NHJ^e3(S04)4.H20, and at 230® this is 
completely dehydrated. 

Reference to "Elementary Chemistry." Chap. VI. pars. 
84 to 86 ; also Chap. XI. par. 163 ; also Chap. XVI. par. 315. 
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CHEMICAL CHANGE. 



In Part I. Chap. XVI. experiments were conducted 
to illustrate some of tlie conditions which chiefly affect the 
progress and final results of chemical reactions. Exp. 10 in 
that Chapter was conducted by causing solutions of ferrio 
chloride and potassium aulphocyanide to react under conditions 
which were all constant except the relative masses of the 
reacting bodies ; the amount of change increased as the mass 
of one of the reacting bodies increased relatively to that of the 

The following experiment is perform ed with the same two 
compounds, ferric chloride and potassium aulphocyanide, but 
it is made quantitative. 

Exp. 1. Prepare pure ^m'c chloride by passing a rapid 
stream of pure dry chlorine over pure irow tvire heated to 
redness; resublime the chloride from a small tube of hard 
glass into a small bottle with a good stopper. 

Prepare an aqueous solution of this ferric chloride of known 
strength ; about 3 grams per litre is a convenient strength. 

Experiments made by Gladstone shewed that when ferric 
chloride and potassium sulphocyanide interact in about the ratio 
Fe,Cl„: 500KCNS the whole, or nearly the whole, of the ferric 
chloride is changed to ferric aulphocyanide. On the basis 
of this experimental result, prepare a standard solution of 
Jeffie walphocyanide, by Bidding to a measured volume of the 
ferric chloride solution a quantity of potassium sulphocyanide 
such that the two salts are in the ratio Fe^Cl^: 500KCNS. A 
convenient strength to make this standard solution is about 
■03 gram Fe,(ONS)„ in lOU c,c. 
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Prepare a solulion of ]iotas»iitm aulphotyyanide, by dissol- 
ving a weighed quantity of the pure salt in water, of a strength 
such thnt equal volumes of this solution and of the solution of 
ferric chloride contain KCNS and Fe,Cl, in about the ratiq_ 
10 : 1. 

Now place a measured quantity, say 20 c.c, of the standai 
ferric sulphocynuide solution in a cylinder of white gla,SB; 
another exactly similar cylinder measure out small 
volumes of the ferric chloride and potassium sulphocyamde 
Golutioua, say 2 c.c. of each, the volume of ferric chloride 
solution containing exactly the same mass of ferric chloride as 
was used to prepare the volume of standard ferric sulphocyani ' ^ 
solution in the other cylinder. 

Now add exactly enough water to make the total volui 
of the liquid equal to that of the standard solution in the otheV 
cylinder. The colour of the standard ferric sulphocyanidl 
should now be couBiderahly darker than that of the mlxc ' 
solutions. Now run water from a burette into the standai 
solution until the depth of colour is the same in the tw 
cylinders ; measure the volume of water required. 

Perform similar experiments, using in each the 
volume of the ferric chloride solution, but increasing that Q 
the potassium sulphocyanide solution ; the ratio of KCN~ 
Fe CI, being (say) 10 : 1, 15 ; 1, 20 : 1, 40 : 1, 80 : 1, 100 ; 
and 200 : 1. Calculate, in each case, (1) the mass of fere 
Buiphocyanide which would be obtained from the 
chloride used supposing the whole of it were changed to fera 
sulphocyanide; and (2) the mass of ferric sulphoc^ 
actually obtained. The second calculation is made by n 
ing the wat«r added to the standard solution to make t 
depth of colour the same as that of the other solution, a 
then saying, as the total volume of the standard liquid is t 
the volume of this liquid before dilution, so is 
ferric sulphocyanide which would be formed if the whole a 
the iron salt had been changed to the mass of ferric aulphfl 
cyanide actually formed. 

Arrange your results to shew the ratio of KCNS to Fe Cu 
in each experiment, and the percentage of possible Fe,(CNSfl 
actually piiiduced. 

The following examples are given, to shew the kmd of ceiults obtsu 
1'8194 Brams FejCl, were disBolved in 500 o.o. water : to 50 o.c. of 
Bolution 27'27 grams KCNS were added and whole was diluted ti 
cc. (this is calleA tiandard /erric BUlphooijaulfl* (oluiiim, ■ra&n li KGNB 
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i Fe,Cl, in this Boliition —500 : 1). 4-586 grama KCNS were diBsolved 
i 311 CO. water, equal volumes of this Bolution and of tlie feirio ahloride 
^ntion DODtained KCNS and FcgClg in ratio 20 : 1. 

I. 20 CO. itajidiird ferric mlpkocyanide Kolatian (to form whidh ■00455 

grm. Fe,Cl, were neeil). 
I'Sg o.e. ferric chloride Bolution (ooctainiue '00466 gzm. Fe,Gl,) + I'SS 
0.0. polOBHium Hulphocyatiido solution +17'5 o.c water ( = 20 ci,c. 
in all). 
I CO. water were ndded to standard BOlutioD to malio depthn of ooloar 

Now 1-26 0.0. of the ferric chloride aolution, oontain —^ x -18194 grm. 



200 



tojOl, ; if this were all changed toFa,(CNS)a it would give 



200 



■1819*" is 



= -006437 grm. Fe,(CNS),. Bat -003388 grm. Fe,(CN8)B was aatnally 
formed (38 ; 20 = -00f)437 : -OOMflS). Therefore ratio of Fea(CNS), formed 
to total poBBible FejfCNS),^ 52-6 : 100. 

BetuU. FclCI, : KCNS^l : 20. FerceDtage of possible Fe,(CNS), 
notoallj formed =52-6. 

□. SO ex. itandard ferric eulpliocyanide ftolutiim, 

1-25 Q.a. ferrio chlonde aolation +2-5 c.o. potassium salphocifaoide 

kwlutiDa + 16-25c.o. water ( = 20 c.c. in all). 14o.c. water required to 
equalise colours. 
Bauli. Fe,Clo ; E0NS = 1 ; 40. Percentage of posBible Pb,(ONS), 
actually tbrmed^ 58-82. 
The rates of many processes of cliemical change vary with 
iationa in the temperature at which the change occurs, 
er conditions heing constant. 
Exp. 2. When potassium pemia'nganate solution ia slowly 
added to a hot acidified solution of oxalic acid, the latter is 
oxidised to carbon dioxide and water at the 
portion of the oxygen of the permanganate. 

You are given aolutions of oxalic acid (KfijO^) and 
potagsium permanganate of stated strength. To a measured 
volume, say 50 c.c, of the oxalic acid Bolution add a considerable 
quantity erf sulphuric acid, heat to 60° — 70", and run in the 
permanganate from a burette until t!ie oxidation 
{until a slight pink colour is permanently produ 
liquid) ; note the volume of permanganate uaed. 

Now measure out 4 equal quantities, say 60 c.c. each, of 
the oxalic acid solution, and add the same volume of the same 
moderately concentrated sulphuric acid to each. Surround one 
beaker by pounded ice ; keep another at the temperature of 
the air ; heat another to 30° — 35° by plunging it into water 
placed over a low Same ; and heat the fourth to 50° — 55°. 
Measure out 4 eguai volumes of the peTmatt^B^n^^ %i^a^<:fcs. 
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into teat tubes, the quantity in eacli case being that wliichyo 
know, from the result of the preliminary experiment, ja 
suffices to oxidise the osalic acid in the beakers ; arrange the* 
teat tubes alongside the oxalic acid solutions so that they ai 
heated to the same temperatures. Also make about 50 cc. i 
a, fairly concentrated solution of polasHiim iodide, and a littlS 
starch paste ; and obtain a standardised solution of godiuaf 
ihiosulphate. 

Observe the temperature of each oxalic acid solution ; i 
the time accurately, and at once add the permanganate aolutioif 
to each beaker by immersing the tube containing the pefi) 
mangannte in the liquid in the beaker ; shake up once ; tdtot 
1 minut« add about 10 c.c. of the potassium iodide solutioiii 
to each beaker. The permanganate which has not reactei 
with the oxalic acid interacts with the potassium iodide b 
produce iodine which remains in solution. Now bring d 
the beakers to tiie temperature of the air, and tlien detev 
mine the amount of free iodine by means of the standan 
sodium thiosulphate solution. 

In order to find the value of the sodinm thiosulphati 
solution in terms of the permanganate, perform an experimeU 
similar to the foregoing, but using only permanganate, sulphn 
ric acid, and potassium iodide. Find how many c.c. of tb 
thiosulphate solution are required to react with the iodine M 
free from the 10 c.c. of potassium iodide solution by the actia 
of that volume of the permanganate which was x, 
experiments with oxalic acid. 

Prom the data now obtained you can calculate the percetd 
^e of chemical change which has occurred at each of the fotf 
temperatures. 

The amounts of some chemical changes are conditioned b] 
the time during which the reactions proceed, other circum 
stances remaining the same. 

Exp. 3. Arrange and conduct an Exp. similar to t ^^ 
last ; keep the beakers at a low temperature by surroundiii 
them with pounded ice ; determine the quantity of unchai 
pervia^aaiate at the end of 2, 5, 8, 10, and 20, minutes. 

Arrange your results to shew the percentage of chemici 
change at the end of each period of time. 



Exp. 4. When ammonium, rrvrhivmnte is brought 
intact witii ivater it is partiaWy d««\^e& Ui i 
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bonate; CO. Nil, . ONH. + H^O + Aq = CO (ONHJ.Aq. Tlie 
amouDt of change varies with variations in (1) the time, (2) 
the temperature, (3) the relative niasses of the interat-tiug 
subatanceB. [Reftd Fenton, on 77(« iiniited hydration o/ 
ammora/Mn Bcerbanwie, Ffoc. R. S. 39, 386.] 

When tanKnomian carbamate interacts with sodium hypo- 
chlorite (NaClO) in presence of soda, ojie-half of the nitrogen 
of tlie carbEtmate is evolved as nitrogen \ tliis reaction presents 
a means for measuring the amount of change of carbamate 
to carbonate which haa occurred under defined conditions. 

Tlie amount of carbamate remaining unchanged ia measured 
as follows. A small fluak is fitted with a caoutchouc cork 
and deUvery tube dipping a very little under the surface of 
water in a shallow basin j a tube containing a strongly 
alkaline solution of sodium hypochlorite is placed inside the 
flask so that it rests against the side with its open end 
upwards ; the solution containing ammonium carbamate is 
brought into the flask which is then corked, and the delivery 
tube is arranged so tiiat it is quite full of air ; a graduated 
tube filled with water is placed over tlie orifice of the delivery 
tube ; the flask is surrounded by water to keep the tempera- 
ture constant ; it is then tilted so that the hypochlorite solution 
mixes with the carbamate solution, and the reaction is allowed 
to proceed, the flask being shaken from time to tiiiie, so long 
as gas collects in the graduated tube ; when the reaction is 
complete the delivery tube is still just full of gas; the 
graduated tube is removed to a tall vessel filled with water, 
and the volume of nitrogen is read ofT with the usual pre- 
cautions {s. Fenton, 0. a Journal, Trans. 1878, 300). 

The interaction between ammonium carbamate and sodium 
hypochlorite ia expressed thus in an equation ; — 
2 (CO . NH, . ONH.) Aq + 3NaCI0 Aq + 2NaOHAq 

= 2 (CO . NH, . ONa) Aq + 3NaClAq + 5H,0 + 2N. 
H F = the total volume of nitrogen combined in a specified 
mass of ammonium carbamate, and v — volume of nitrogen 
evolved by hypochlorite after partial chauge to carbonate, 

then — = — gives the ratio of the numb f m 1 ule of water 

■which have reacted with the carbarn t t tl umber of 

reacting weights of carbamate in th tak tiiis ratio 

tiay be used to conveniently express t! a t f hydration 
which has occurred. 

M,p.a 
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(1) Influence of time. Dissolve a weighed quantity 
of freshly prepared ammonium carbamate in water, and make 
up to a definite volume; say 6 — 7 grams in 100 c.c. Deter- 
mine the amount of hydration which has occurred after 
definite intervals of time — say 10, 40, 100, and 200, minutes — 
by withdrawing measured quantities of the solution — say 5 
c.c. in each case — and treating with sodium hypochlorite. 

(2) Influence of mass. Dissolve 8 — 10 grams am.ino- 
nium carbamate in 100 c.c. water; dilute 25 c.c. to 50 c.c. 
and another 25 c.c. to 250 c.c. ; set aside in stoppered bottles 
for 4 days, and then determine the nitrogen evolved from 
5 c.c. of the original solution, 10 c.c. of the more dilute, and 
50 c.c. of the most dilute, solution (these volumes coiTespond 
to equal masses of carbamate originally taken). 

(3) Influence of temperature. Repeat the experi- 
ments on the influence of time, conducting one series in vessels 
surrounded by ice, and another at the ordinary temperature. 

Reference to "Elementary Chemistry." Chap. XII. 

Some elements exist in more than one form ; such elements 
are said to exhibit allotropy and the change from one form to 
another is called allotropic cha/nge, Allotropic change is not 
accompanied by any change of mass. 

Exp. 6. Fit a fair sized, wide, light, test tube with a 
good cork carrying short entrance and exit tubes, to each of 
which is attached a small piece of caoutchouc tubing passing 
through light screw clamps. Dry the apparatus, and arrange 
the tube as shewn in Fig. 47, so that it can be heated while a 
stream of dry carbon dioxide is passed through it. 



iHr^ 
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Fig. 47. 
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Pass dry carbon diosAde through the apparatus for a few 
minutes ; then loosea the cork, drop iato the tube >i dry 
piece of piuiHph-oriM just cut from the middle of a sti<;k, 
immediately replace the cork aad continue t)ie passage of 
tiie stream of carbon dioxide for 5 or 10 minutes. Now 
close ttio screw clamps liruily ; detach the tube from the 
carbon dioxide apparatus, and weigh it. Replace the tube, 
and continue the carbon dioxide stream ; surround the tube 
by dry sand in which a thermometer is placed ; after a few 
minutes heat the sand, graduaUy raising the temperature to 
220" — 230°, and maintain the tube at this temperature, carbon 
dioxide passing v»ry iilowly through the apparatus all the 
time, until there seems to be no further change in the appear- 
ance of the contents of the tube. Allow to cool ; close the 
screw chimps; detach the tube and weigh it. The weight 
is the same as it was at the be^^iuning of the experiment. 
Compare the properties of the matter in the tube with those 
of ordinary phosphoms. Ordinary phosphorus is a soft, crys- 
talline, very easily inflammable, solid ; it is soluble in carbon 
disulphide : the matter in the tube is a red, amorphous, solid ; 
it ia insoluble in carbon diaulphide, and is not easily inflam- 
mable. But the result of your experiment renders it very 
improbable that the solid in the tube can be a compound of 
phosphorus with other elements. 

Exp. 6. Connect two short wide pieces of glass tubing 
each with an apparatus for supplying a stream of pure dry 
oxygen ; bend the tubes to an obtuse angle and let the open 
end of each dip beneath the surface of 400 or 500 c.c. of 
water in a beaker. Place about '5 gram {accurately weighed) 
of red pltoaphorus in one tube and about the same quantity 
of vrdMw/ry phoephortt» in the other*; pass oxygen over each, 
and heat until the phosphorus is wholly burnt to oxide. Most 
of the oxide of phosphorus fonned ia swept into the water 
and there dissolved. When the combustions are completed 
detach the tubes from the oxygen apparatus, and place each 
iu its own beaker; any traces of oxide of phosphorus in the 
tubes are thus dissolved in the water. Now remove the 
tubes ; wash them thoroughly with cold water, and allow 

* The Didiuar; phosphorus may be weighed in a very small tube 
!> vUch It nearly fills. Weigh tMa Cube with a cork in it ; cut a little bit 
Ira jdiOBpboruB, of aaizeto fill the tube, from theinsuleol & a&i)£.,\'afiv&ii^ 
m^ — !.. !^ jjjg tube, insert thu cork and weigh. 
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the wnshiiigs Ui vun into th« beakers. Boil the ccmtentB 
the Ijeakera nearly to dryiioss, add water, and repeat this pro 
2 or 3 times. Then estiiiiiit« the plioaphoric acid in each solat 
by titratiotL with a standardised solution of uraniufn acet 
or by precipitation as MgNH.PO, and weighing as Mg^PC 
From the inassea of phosphoric acid (H^PO.) found, catcolili 
the mass of phosphorus pentoxide (P,0,) produced by ti 
comhustioD of equal masses of the two Tarieties of phosphors 
The result is that equal masses of the two kinds of phosphort 
produce the same mass of phosphorus pentoxide. 

The reaulta of this experiment and of Esp. 5 shew tfa 
ordinary and red phosphorus are the same element. 

Although the change from one variety of phosphorus 
the other is not attended with any change of mass, yet it 
accompanied by a change of energy. Wlien equal tnast 
of the two kinds of phospJiorus are burnt to phosphon 
pentoxide the quantities of heat produced ai-e diflerent. 



Exp, 7. Arrange a rough calorimelpr s 
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V small, wide-mouthed, short-necked, flask of about 
1 50 c.c. capacity ; it is fitted with a, very good ordinary cork, 
through which pass, (1) a, tube leading to a drying apparatus 
which is connected with a gas-holder containing oxygen, 
(2) an exit tube (C) bent downwards as cloae to the flask 
as possible, and then 2 or 3 times round snd close to the 
flask, and finally upwards as shewn in the figure, (3) a, short 
iron spoon round which are wound two silk-covered wires (£) 
coming from a small electric battery. These wires terminate 
above the cup of the spoon at a distance of about 5 or S mm. 
apart ; the ends are Joined by a little piece of thin platinum, 
or iron, wire wound into a little spiral which is then flattened 
out to form a support for the phosphorus to be burnt. Care 
must be taken that this thin wire does not touch the iron spoon. 
The whole apparatus ia immersed in about 300 — iOO o.c. of 
water in a beaker, so that the greater part of the flask is 
beneath the surface of the water. The beaker is placed in 
a tin box packed with cotton wool. It is advisable to place 
a shield of thin metal over the end of the cork which ia 
inside the flask. 

A measured, and therefore weighed, quantity of tvater, 
which has been for some time in the room where the Exp. 
ia to be conducted, is placed in the beaker, and in it are 
immersed two good thermometers ; a little piece of phogp/torut 
— about '3 to -5 gram—is weighed in a very small tube and 
ia then placed on the support formed by the flattened spiral 
o( thin platinum or iron wire ; the cork with its tubes ito. in 
position is then firmly fixed in the Sssk ; the flask is lowered 
into the water and there clamped ; connexion is made with the 
oxygen supply; the thermometers are read; a very slow 
stream of oxygen ia passed through the apparatus, and at the 
same time the wires (5) are connected for a moment with the 
battery ; the wire on wluch the phosphorus is placed becomes 
fed hot, and the combustion of the phosphorus begins. By 
regulating the rate of the oxygen stream, almost the whole of 
the phosphoric oxide produced may be retained in the spiral- 
shaped exit tube. The water ia stirred by means of the 
thermonietera which are read off' from time to time ; the tempe- 
rature attained when the thermometers cease to rise ia taken 
as the final reading. 

As the weight of phosphorus, the weight of water, and the 
rise of temperature, are now known, it ia eas^ to ceXciA^Sia "Owi 
number of /fram-anits of Jieat which bave \»«t\ ^twVwteA. Ssi. 
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the combustion of a specified mass, stiy 1 gram, of phiA 
phoruB. 

The apparatus is now cleaned and dried ; a iresh piece <i 
thin platinum or iron wire is arranged aa a. support for tin 
phoBphoruB ; and the experiment is repeated with a 'wdghei 
(laantity of red phosp/torug ; the Esp. being so arrai^oi 
that the time during which the combustion proceeds is ■ 
nearly ns may be the same as that occupied in the combnstiffl 
of the ordinary phosphorus. 

This apparatus is not sufficiently accurate to give anythiiii 
except comparative results ; but the results are sufficient I 
establish the fact that the quantity of heat produced wheiH 
Bpecilied mass of ordinary phosphorus is completely burnt i 
considerably greater than that produced when an equal i 
of red phosphorus is whoUy burnt. The results erf Exp. 
proved that in each of these combustions the same masi 
same compound is produced. 

Very many carbon compounds exist each in several forn 
A few inorganic compounds a!ao exhibit phenomena similar t 
those connoted by the term allotropy. The following E;^ 
illustrates the allotropy of inorganic compounds. 



Exp. 8> Prepare mermrie oxide 
nitrate, mixed with a little mercury, in a basin on a sand-tr 
BO long as acid-fumes are evolved. This must be done i» i 
good draught place, beecvaae o/tlie poisonous ef 
containing mercury compounda. 

Also prepare mercimc oxide by adding a solation ( 
mercuric nitrate to a solution of potash, collecting, 
thoroughly washing, the pp. which forms. 

The oxide prepared by heating the nitrate is a red 8 
the other specimen is yellow. Examine the reaction of ei 
with a solution of oxalic acid; the yeUow oxide dissdvl 
without heating, the red oxide slowly dissolves only s 
continued boiling. Heat each oxide with an alcoholic solutu 
of mercwric chloride ; in the case of the yellow oxide a blM 
osychloride (HgCl, .SffgO) is at once produced; 
of the red oxide no change occurs until after contdniu^ 
boiling. 

Now prove that both specimens have the same compositlMi' 
by determining the mercury in each by the electrolyfiB' 
method (for details consult a manual of analyajs). 
assumed that both compounda avB ox\4ea ui uietciwj. 
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Exp. 9. An instructive experiment in allotropic change 
may be performed by partially converting a measured volnme 
of oxygen into ozone and measur- 
ing the change of volume whicli 
attends the change from one fonii 
of the element to the other. 

Make a small apparatus of 
glass of about the size shewn in 
Fig. 49. The apparatus consists 
of a reservoir of about 5 c.c. 
capacity with a capillary tube 
bent as shewn in the figure, and 
having two platinum wires pass- 
ing through the glass, as shewn. 
Narrow the tube, but do not 
ose it, at the end a. Wash the 
ibe thoroughly with nitric acid, 

K tiien with potash, and finally with 

I oSstilled water; rinse it out with 

I % little alcohol, and dry it. 

Arrange the tube as shown 

- in Fig. 50, and connect with a 
a small apparatus for evolving 
pure and dry oxygen. Make the 
oxygen, by heating a few ^ams 
of pure potassium chlorate in a 
small tube connected with two 
U tubes, one containing pumice 
BOaked in potash, and the other 
pamice soaked in concentrated 

sulphuric acid. Connect the end 

b (Fig. 50) with a aprengel's ' 

pump. Pass oxygen through the ^' 

apparatus for a little time ; then exhaust by the pump and 
allow the oxygen to pass again ; repeat this operation once or 
twice. Then remove the end 6 (Fig. 50) from connexion with 
the pump, but maintain the stream of oxygen ; bend the end 
6 slightly downwards and let it dip into a little concentrated 
sulphuric acid (oxygen passing through the apparatus all the 
time) ; then atop the oxygen-stream ; when the acid has risen 
to about c (Fig. 50) seal the tube at d and place it upright. 
Now place the tube in a bath of water arranging it so that 
ipillary part hangs over the edge of the bath; after 
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t time read oil' the level of the acid in the capillary tube 
by brining a millimetre scale alongside the tube. Seal the 
ft ; pass a silent discharge of electricity thr-ough the 



^ 



Fig. 50. 

oxygen in the reservoir as long as the change of level of the 
acid in the capillary tube shews that the volume of the oxygen 
is diminishing. Then replace the tube in the bath of water ; 
open the end 6; and after a time read off the level of the acid, 
noting the diminution of volume in the reservoir as so many 
mm. on the capillary tube. Re-seal the tube at b, and place it 
in an air-bath at 300° for 30 mins. or so ; then replace the 
tube in the water-bath ; open h, and read off the level of the 
acid. 

Assuming that oxygen is partially changed to ozone by the 
action of the silent electric discharge, this experiment proves that 
the change is attended with a diminution of volume, and that 
the original volume is almost restored when the ozonised 
oxygen is heated to about 300°. 

Consult the paper on Oixne by Andrews and Tait in 
Phil. rrww. for 1860, p, 113. 

The fallawing nmabeiB shew some of the results there obtained : 
(1) 5d.o. oxjbs"; ciiminutiou = 39'5min. ; increase on heating to 300"= 
38'7 mm. (2) 6 o.c. oxygen; diminution = 37 '6 mm.; inorease on heating 
= 29'7 mm, 

Reference to "Elementary Ohemistry." Chap. Vin. pars. 
llSto 121 ; also Chap. XVI, pars, 323, 324, 



CHAPTER VII. 



CHEMICAL CLASSIFICATION. 



Elements are placed in the same class because they form 
ECompoundB ha,Ting similar compositions and similar properties. 

In this chapter are given merely the outlines of some 
K^periments on claBsification. 



I. The three metitla Citl 
e placed in tlie same class. 



m, Stri 






Exp. 1 . Given the oxides, CaO, SrO, and BaO ; 
quemliiaiively the interaction of each with water. To a weighed 
quantity, 2 or 3 grams, of each oxide add water drop by drop 
as long as there is any apparent reaction. Dry the prodneta 
at about 160" and weigh. Assuming the oxides to have the 
composition MO (M = Oa, Sr, Ea), and the atomic weights of 
M and O to be known, calculate the composition of the 
product of the interaction in each case. 

Exp. 2. Sxamint! quantitatively flte action of Jient on the 
three hydroxides MO H . Heat weighed quantities (about '6 
gram in each case) of tlie compounds prepared by combining 
the oxides with water, in weighed smaU hard glass tubes open 
at one end, to about 200°, 300", and 400", weighing the tubes 
with their contents aft«r each experiment. Also heat weighed 
quantities of the compounds t<) about the same temperatore in 
a, stream of dry air, freed from CO,, and weigh the products. 

Exp. 3. Examine quantitatively the action of heat on the 
carbonates MCO^. Heat weighed quantities (about "5 (^r8.va\ o( 
the Hiree ear&onalea to redness over & Vi\qw\iV^&wki.«. ^crt "^-^ 
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minntes, is opeu emcibtes, and determine the uaounts of 
MDchattgwl cftrbooktes, hj diasoltiitg oat the ocides produced, 
hf r^)eated washing with oold water {until the washings do 
not affect the colour of tonueric paper), drying at 100°, and 
washing. 

Exp, Aw Prepare Ae tui/JutUg, USO,, aiuJ dftermmi 
lAeir tolttbUttiei in waUr. Add the oridet to moderately dilute 
wann mtlp/tnrv: acid until the acid is neartj saturated ; remove 
the remaining acid by washing with cold water, and dry at 
150". Digest an excfBs of each sulphate in water at ib» 
temperature of the air for some boars ; then withdraw i- 
mesEured volume of each solution, evaporate to dryni 
water-haths, dry at 150*, and weigh. 

Exp. 5. Eramine quantitoHvek/ the vrUtractionM bettoeat 
Ae rulphate* MSO, and aaturated soluliong of sodium carbon 
ale. To weighed equal quantities of the talphales add eqail 
TolumM of a saturated solution of sodium carbonate ; boil to 
equal times ; wash the residua] mixture of sulphates am 
carbonates with cold wat«r as long as the washings contaib 
sulphates; dry at 150°: weigh ; determine the carbon dloxidi 
obtainable from each solid, and thus estimate the masses o 
sulphate and carbonate in each. State your results so as ttt 
shew the percentage of each sulphate MSO, changed to carbott^ 
ate MCO,. 

Exp. 6. Determine, roughly, the heai« of netUraliaatioi 
of aqueou$ eoluCiong of the Itydroxidee, MO^, ; Ike acid b( ' 
Jiydrodtloric. Prepare a considerable quantity of a nomu 
hydroehlorie add goluikm, i.e. a solution containing esacid 
36-5 grams HCl per litre. Prepare cold saturated solutions ( 
the three hydroxides ; keep these solutions in bottles fitted wit 
greased stoppers, each bottle being filled with the liquid 
determine the quantity of hydroxide MO,Hj in a specifit 
volume of each solution, by titration with slaiidardited oasoi 
acid solution, using turmeric paper as an indicator. Calcula 
the volume of each solution which contains that mass of tJ 
hydroxide which is equivalent to the mass of HCl in a epe< 
fied volume, about 250 c.c. of the normal solution, assumii 
the interaction to be MO^H,Aq + 2HClAq = MCI.Aq + 2H J 
Measure out this volume of the normal hydrochloric acid sol 
tion into each of throe beakers ; measure out the solutionai 
tlw tliree hy(li'oxide& into etoppereA tottXea <ft & ra.ia ?,iu:k th 
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Kaach is as nearly as may be filled with the solution ; place these 

I bottles and the beakers in a box lined and covered with felt 30 

L(o 40 mm. thick, and place this box alongside the calorimeter 

Idescribed below, in a room the temperature of which varies 

Ktnit little. After an hour or two, pour the contents of one of 

" a bottles into the calorimeter ; quickly add the hydrochloric 

P^cid from OUR of the beakers; stir the liquid, observing the 

course of the thermometer, and note the highest temperature 

reached. "Wash out and dry the beaker of the calorimeter, 

and repeat the Exp. with each of the hydroxides. 

Trom your results find the quantity of heat produced when 
an equivalent, in grams, of each hydroxide (MO^H, grams) 
interacts with an equivalent, in grams (2HC1 grams) of 
hydrochloric acid. In the calculation the untei'-equivalent* of 
the beaker may be taken as the product of the weight of the 
beaker multiplied by the specific heat of hard glass {'IS); the 
solution in the beaker may be assumed to have the same 
cific heat as water. 

The qaantili}' of heat ia abai;it 27,500 gram-units in each case. 

Calorimeter. Line the inside, bottom, and cover, of a 

■cylindrical pasteboard box with felt about 30 to 40 mm. thick. 

The bos must be of such a size that when a beaker of about 

600— TOO c.c. capacity is placed in it a space of about 15 to 

20 mm. remains between the beaker and the felt. The lid of 

tJie bos is pierced by two holes ; one to admit a thermometer 

kyaduated to ^ degrees, the other to admit a stirrer formed 

Kef a glass rod reaching to the bottom of the beaker and then 

nbent into a spiral. Weigh a thin beaker of about G50 c.c, 

Kiapaoity ; place the beaker in tlie box, and pack cotton wool 

rvound it. 

I II. The elements Sulphur and Chromium belongtothe 
B^me group, although they exhibit considerable difiereuces : 

Jr Exp. 7. Prepare the triojndeg SO^ and CrO^, nnd prove 
Wmal both are acidic oxides. Arrange an apparatus as shewn 
mS& Fig. 51. The bottle A contains a concentrated aqueoui 
mMt^uiion ofmdphur dioxide • E contains concentrated sulphuric 

■ •Or the waiee-eqaivalti^ may be more aoourately determined by 
B(TJ^'"C & known weight tif hot water at a known temperature to a known 
B{|dght of cold water at a known tempetftttue in tt\e QB.\oiuai*is(, wci 
BpMing tbe highest temperaturo which the mistnTe s.VWivi's . 
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acid ; C ii a piece of hard glaa 
atbeOM loosely packed into it; 



tubing with some pUOiwMi 
? is ft small dry flask. ~ 




Fig. 51. 

aBlwstoB is covered with finely divided pktiuura by soaking ft 
in concentrated pLatiuic chloride solution and then heating 
strongly. A stream of oxygen is passed into A ; the gait 
issuing from .1 is a mixture of oxygen and sulphur dioxidaj,) 
the mixed gases are dried by bubbling through B, and i 
then passed over tho heated (inely divided platinttm wherel^ 
cliBinical union occurs; the sulphnr trioxide, SO, thus pn> 
duced is condensed in D. When a few grams of the whtM 
snow-like compound SO^ have collected in D, atop the prooe^ 
and at once diaaolve the contents of D ra about 500 o.c. wateT] 
exactly TieutTaiise a. "portion of the solution hj potaek; evaporate 
over a low flame and allow to crystallise : purify the aaHr 
which separates by re- crystallisation from warm water; drj 
the crystals and label them potassium sulphate. < 

Dissolve 30 grams of commercial pota»»iuw, cUchromcUti 
K,Or,0^ in a warm mixture of 50 c.c. imier and i2 o.c. o 
centrated tulphwric acid ; allow to stand for some hours ; p< 
off from the pp. of potassium-hydrogen sulphate, KHSO,i' 
warm to 80°^ — 90° ; add 1 5 c.c. concentrated sulphuric acid, ant 
then water drop by drop untO the pp, of chromium trioxidC 
which has formed is Just dissolved ; then evaporate the liquii 
to the cryBtalliaing point and allow to cool ; after some honn 
pour off the mother liquor, coUect the crystals in a, funne 
fitted with a, small platinum cone pierced with very smal 
holes, and drain by means of the pump ; then spread tfa 
crystals of CrO^ on a dry porous tile covered with a bell-jar 
when the crystals are dry remove them by means of a platinaoL 
or glass spatula to a beaker, add 6 c.c. of concentrated nitrie 
acid, and spread out the crystals on wiotViev ^tdva tile whf 
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they are allowed to remain until dry*. Finally warm the 
crystals to 60° — 80° until nitric acid ceases to be evolved. 
Dissolve the chromium trioxide thus prepared in water, neu- 
tralise a portion of the solution by potash, evaporate, and 
crystallise. Purify the salt thus obtained by re-crystallisation 
from warm water i dry the crystals aad label them potassium 
chroniate. 

Make estimations of potassium and of sulphuric acid in 
the crystals of potassium sulphate, and estimations of potas- 
sium and chromic acid in the crystals of potassium chromate 
you have prepared. Assuming the atomic weights of potassium, 
oxygen, sulphur, and chromium, to be known, and assuming 
the various reactions on which the analytical methods are 
based to be known, your analyses prove that the compositions 
of the two salts are repi-esented by the formulse K,SO, and 
,CrO„ respectively. 

Exp. 8. Dissolve in water portions of each salt piepared 
Exp. 7; to the su^tate add an aqueous solution of the 
iplvuir triosiide, and to the rJtrovuUe an aqueous solution of 
9 chvomiiimi triotdde, you prepared ; evaporate and orystal- 
b; recrystallLse the salts from water; dry, and analyse 
ih. Find the simplest formulse which express the coniposi- 
ma of the salts. 
The salts we KHBOj, and KjOr^O,, reapectivcly. 

' Exp. 8. Prepare chromium xulp/iate from chromium 
ioxide. Heat chroimuvi irioxide with fairly concentrated 
Vbrocfdorie acid and a little alcohol, until the solution is 
ieen ; allow to cool ; add a slight excess of ammonia ; collect 
id wash the pale greenish blue pp. thus produced. We shall 
0ume that the composition of this pp. ia CtjO, . aiH^O. Dry 
le pp. at 1 00" and dissolve it in excess of coneerUraled nUpJi/urie 
ml; evaporate until fumes of sulphuric acid begin to be 
Folved ; then allow to cool. Collect tlie pink solid which 
Barftt^ in a funnel fitted with a little platinum cone pierced 
itb eery small holes; dry by spreading on a porous tile in an 
taiccator ; then wash with alcohol and dry again. 

Assuming that the salt thus formed is an anhyd; 
alphate of chromium, determine its composition by heating 
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ft weighed qaantity to fall redneaB oo long as it loees w< 
weighing the nadne, ami notiiig it *a Cr,0^ 
The lank «b w Cr^SOik- 

Exp. 10. Compart tUe rraUien between aulphui 
tutd cArotnium trioade uiik Ike r^a^itm between Ll« mom aai^ 
and milphur trtoxide. 

Dicsolve about 10 gntns of cAromtum trioxide iu 1{ parU 
bf wpigfat of oofiwnlnifetf «M^p&Mne orwf and 3 parts of water; 
place the liquid in a beaker samnuided by cold water, and 
add aleohoi drop by dn^ ontil the Ii()Utd is green ; then add » 
considerable quantity of alcohol ; coUect the crystals whia)tJ 
form and press them between filter paper, and prove, as far i» 
can be done by qualitative reactions, that the s^t h 
ot chromiom. 

Now dissolve tvlphur trioiade in ameentraled tvlph 
aeid nntil the liquid fumes strongly in the air, and > 
liquid in an exsiccator over concentrated sniphuric i 
After some time colourless crystals separate ; drain thea 
from the liquor ; examine their reactions qualitatively, a 
prove that the substance thus obtained is an acid. 
The acid is disulphoric H^,0,. 

The results of Esps. 7 to 10 shew that SO, and CrO, i 
acidic oxides ; that CrO, also interacts with acids to form s 
the compositions of which shew that they correspond to t 
oiideCFjOj; but that SO^does not exhibit any basic funct' 

Exp. 11. Prepare ehTom,ie chloride and eompa/re it t 
tidphw chloride. Dissolve a quantity of moist 0,0, . xH,0 
(jr. Exp. 9) in hot concentrated hydrochloric acid; evaporate 
until the liquid is thick, and then cool ; press the solid which 
separates between paper ; transfer it to a tube of hard glass 
and heat to about 2.50° in a stream of dry chlorine until a like " 
coloured, hard, solid remains. Now raise the temperature * 
full redness, maintaining a rapid stream of chlorine ; let tin 
end of the tube pass into a. small weighed bottle ; continue M 
heat strongly until some of the chromic chloride formed ij 
sublimed into the bottle ; remove the bottle and at once oloM' 
it with a good stopper. 

The compomid tbna formed ia chromio chloride. Crfi],. 

Compare tfic conipoaitioti as AeteTTOmeAh^ -^qvii: analys 
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i metlKxI of formation, aud the reactioaa towards water 
d acids, of cliromic chloride with those of sulphur chloride 
Hxp. 5, Chap. I. Fart II.). 

Ill, The elements Iron and Copper belong to different 
>ups. The following experiments are designed to illustrate 
no of the differences between these metals. 

Exp, 1 2. Preparre oxides of the two metak, and determine 
ir compositions. Strongly heat a few grams oijittely divided 
tper in a stream of oxygen, so long as any visible change 
jurs; then heat the product for some time in the air, and 
low to cool in an exsiccator. 

Perform a similar experiment with very ^finely divided 

^^ Estimate the copper in a weighed portion of the copper 

ode, either (1) by dissolving in hydrochloric acid, precipi- 

g CuO^Ij by addition of potash, boiling, washing, heating, 

^(ftid weighing as CuO ; or (2) by dissolving in nitric acid, 

adding ammonia, and titi'ating with a standardised soUiliort 

ofpotasaiutn cyanide. 

Assuming the sole product of the reaction of oxygen with 
lot copper to be an oxide of copper, find the simplest formula 
itieh expresses the composition of this oxide (Cu = 63'3, 
= 16). 
Estimate the iron in a weighed portion of the iron oxide 
i^pared, by dissolving in hydrochloric acid, reducing the ferric 
tloride so formed to ferrous chloride by means of etannoua 
'de, and titrating with a gtandardited solution of potaa- 
i dAehromaie. Assuming the sole product of the inter- 
in of iron and oxygen at a high temperature to be an 
B of iron, find the simplest formula which expresses the 
fenpositioD of this oxide (Fe = 56, 0-16). 

Exp> 13. DetermiTie the temperatures at which reduotion 
the oxides CuO and Fe/X by CO begins. 

XB^ore heghming this Exp. read t/te paper by Wright and 
i^in C. S. JoUfiSAL, Trans, for 1878, p. 1.] 

Prepare 10 or 15 grama of OuO, and about the same 
lantity of FcjO,, by adding pure potash to CuSO^Aq and 
■ ,01,Aq, respectively, boiling, washing the pps. thoroughly by 

; water, drying and heating over a Bunsen-lamp. Place 

mt '5 gram of the eopper oMds and ttie /errxc owkda 'Owaa 



, CBmsnr. Inxi n. ^ur. * 



.<— »^i 



; |M« psre ifi*r»— aMi 
in each om^(1) tht t 
&iBt tartiidi^ k fndsnd in tte baijta ntcr, i 
pcfsten st wlueli tiie radnctioB of (Ik i 
cufaoo tBOtxnd^ begins aad (3) tke t 
e taiUdirf it pnldM«d bj a 
. tfae t^Ks, Le. tfe t 

i« ffer r ^t r rad (o rf a f . 
ne fwrito cf t&ti Exp. dtew that CKfne ondeis . 
bf earimt tnaaaxide at > toqwixfaue oonsdnsU j ^t 
tlwt «t wUcli Eerric oxide i« rcdaccd. 



1 Ibe tabes m 
^ >9cfa osidi, 




Exp. 14. 
melali ot^/per and iron. 

Pboe aboot 10 grams of the axida C«0 and f^.. 
pared in the lad E^t, in tabes of hard ^aas, each of wCi 
connected with an ^ipatatas fcM" pt^Mnng pmre Jry hf/dn 
The hydrogen dioBld be prepai«d by the leactka of ]_ 
dilitt« snlphonc acid with redistilled zinc, and should 1 
ptirified from any hydride* of saljdiar, carfaoo, pboqihora^ 
and anenie, by passage throng sohirions of lead aoetat^ and 
copfier solpliate made stnmgly alkaline l^ potash. Hart tte 
oxides in the b^drogen-stream ontil redaction to ] ' * '^ 
complete. Then remove the hydn^en oppanUos ; n ^ 
by a. ilatik containing hot water ; fit corks and exit talm ii 
the other ends of the tnboE containing the metals; anaage tl 
tabes BO that eadi passes through a sotall iron bos fitted n * 
A thermometer; pass sleatn over each metal, and i 
oDtnpare the temperatares at which the steam is decompc 
with production of hydrogen, by the two metals. 

1 low red beat; oopper, d 



Exp. 16* Prepare guIphaUg of the (too melah, detem 
iknir eompomtvmg, and compote Hm rtaetion of taek loM a 
oaAdiiMig ag^. 

Diaaolve about 20 — 30 grams of euprie oocidt in too 
MJ^pAurie add ; evaporate to the crystallising point ; poor d 
1/n7 mother iiquor from the cry^taW wlucb fonn on cooling 
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^■Werystallise two or three times from water, and dry by preaa- 

^■mg between filter paper. 

H Eatimate the copper in a weighed quantity of these cryatala. 

■ Alem estimate the water by heating to 210° — 320" and weighing 
the dehydrat«d copper sulphate which remains. Before esti- 
mating the water prove that the crystals do not evolve 
snlphuric acid when heated over a Bunsen-lamp. 

Prepare crystals of ferrous sulphate by adding iron flings 
little by little to vwrm dilute wJ^hnHc arnd until no more iron 
is dissolved, then adding a little more iron, boiling for a few 
minutes, filtering into a beaker wbiuh has been rinsed out with 
a little concentrated sulphuric acid (this dissolves any basic 
sulphate that is formed during evaporation), adding alcohol to 
the warm liquid, stirring well, collecting the pp, on a filter, 
washing with alcohol, spreading out on filt«r paper, and 
exposing to the air of a moderately warm room until the smell 
of alcohol is quite gone. Preserve the crystals in a well 
stoppered bottle. 

Estimate iron in a weighed quantity of the crystals 
by dissolving in water, adding sulphuric acid, and at once 
titrating with sCandardiged jiemiangajuUe solution. Heat 
some of the crystals over a Bunsen-lamp and prove that 
sulphuric acid is evolved. The water camiot therefore be 
estimated by determining the loss of weight which the crystals 
undergo when heated. Mix a weighed quantity of the crystals 
with 2 or 3 times their weight of dry pure lead monoxide ; place 
the mixture in a short tube of hard glass, and cover it with a 
layer of lead monoxide; weigh the tube and its contents; heat 
to about 300° until moisture is no longer given off; cool in an 
exsiccator, and weigh again. Repeat the heating until the 
weight of the tube is constant. (The lead oxide combines with 
the sulphuric acid produced by heating, and forms lead sulphate — ■ 
PbSO, — which is unchanged at the temperature of the experi- 

Find the simplest formulae which express the compositions 
of the two sulphates you have prepared (Fe — 56, Cu — 63'2, 
= 16, S = 32.) 

The Bulphatea are CuS0j.5H,0, aud FeSOj.VHjO, reapeotively. 

Now roughly weigh out a few grams of the copper milphale 
you have prepared ; dissolve in water ; add about \ as much 
concentrated atdphwic acid as the weight of the eo^^ei: bm.V- 
phttte tafeen; hail, and add cojiceiilrateii niVrvc oct^ i.t«^"Vpj 

^^ J 
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drop; evaporate, and crystallise; recryatallise from water; diy 
the cryetJils obtained, and determine copper in tliem. These 
cryHtftls contain the same percentage of copper as those with 
which you began the Esp. ; their appearance and prominent 
physical properties are also the same as those of the original 
crystal a 

Copper Bulphat« CuS0^.5H,0 is unchanged by the action 
of oxidising agents. 

To a solution in water of 10 or 15 grams of the ferrous 
gnlphale you have prepared add about -J the weight of the 
salt of eoneenlrated nulphunc ocui ; then beat to boiling, and 
add eoncen^^ted ni(rt« aetd drop by drop until the colour of 
the liquid is a clear reddish yellow ; now evaporate until the 
liquid gets thickish; then allow to cool, and pour off the liquid 
from the semi-solid mass which remains; heat the residue over 
a wry low Bunsen-flame until it is quite dry, and sulphuric 
acid is no longer evolved. 

The appearance, and comparative insolubility in water, of 
the solid thus produced shew that it is not ferrous sulphate. 
Dissolve an accurately weighed quantity of this solid (about 
■fl gram) in dilute sulphuric acid ; add a few pieces of pure 
mne, and allow the reaction to proceed until the liquid is 
almost colourless, and all zinc is dissolved ; then determine 
the iron by titration with permanganate. Assuming the salt 
to be anhydrous, and to be a sulphate of iron, calculate its 
composition, and find the sim[)lest formula which will express 
this composition. 

The salt prepared b; the interaction of mtric and aulphorio aoids 
with terroua sulphate is ferric aulphate, Fa,(SOj), : the nitrio noid suppliea 
oxygen; 

2 (FbO . SOj) + O + 8O3 , HjO = re,0, ■ 3S0a + HjO. 

Before beRinuing Part III. the student should nork oat a nuinbec 
of taiily difficult quantitative Bnalfeeii ; he should slao go through 
a ejBteaiEitie course of preparations of organic compaonda; and a 
couree of gas-analyBia. [He may also, it time permit, perform a few 
qualitative anolysea of complex mixtures of salts ineluditig the aalte 
of the rare elements. ] 

While the student is performing the experiments daBcribed in Part 
0. he should also be working at practical pbyaice ; in fais work in 
the physical laboratory he ahoulil pay paitioular attention to deter- 
minations of (1) refractive iodioes of organie compounds, (2) speoiflo 
rotatory powers of organic compounds, (3) wave-lengths and also 
mapping spectra, (4) quaotitica of heat, (5) electrical oouduotivities or 
solutions of acids and salts, (6) clectroljiiio deposition: * 
metals, (7) crystallographio forma. 
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Exp. 1 . Determination of the atomic weiglits of copper 
andiron. 

Prepare and analyse ih« two (xnitles of copper, and tlie two 
ehltirides of iron, and thus tiiid the combining weights of copper 
and iron, i.e. the masses which combine with 8 parts hy weight 
of oxygen, or 35'5 parts by weight of chlorine. 

Purify copper gidphate by solution in water, adding a little 

Viitru! acid, and heating to ozidiBe ferrous salts present, digefit- 

g with capric oxide to precipitate ferric oxide, filtering, and 

Lerystalliaing. Becrystnllise the crystals thus obtained, dissolre 

k hx water, heat to Iwiling, and add pure potash soUition drop by 

rdrop until only a trace of copper sulphate remains undeoom- 

Wash the pp. thoroughly by decantation with boiling 

rater, dry at 100°, then heat over a Bunsen-lamp, and preserve 

' e cupric oxide in a stoppered bottle. 

Dissolve 20 grama pure copper s^dpliale, 30 grams cream 
f Iti/rlar, and 40 grams dexd-ose, in a basin, in 240 c.c. water; 

aat, and add 30 grams caiiatic goda, and boil until the 

blue liquid is colourless; wash the red pp. of cuprous oxide 
thoroughly by decantation with boiling water, dry at 100°, amd 
preserve in a stoppered bottle. 

Prepare ferrous chloride by dissolving very thin piano wvre 
in pv/re kydrochloric acid, evaporating in contact with iron till 
the liquid begins to get thick, hltering, evaporating the filtrate 
rapidly to dryness in a basin, mixing the solid with about 
\ equal quantity of pure amwomiwa c?tJoi-idc, tViiv^ ^^ fiwas. 
tabout ISOc.c. with the mixture, and Ueaftii^ lyw: a-Xois^ 
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lamp ontil the mnmonioni chloride is completely volatilised 
on cooling the semi-fased mass, crystals of ferrous chlori 
are fonnftd ; place the cryatala in a stoppered bottle. 

Prepare ferric chloride by strongly heating ■per 
irtm wire in a rapid stream of dry ddorins ; aablime t 
crystals, in a stream of chlorine, into a dry stoppered bottle. _ 

Estimate copper and oxygen in the osci/leg of eopper by be 
ing about '5 gram of each, placed in a porcelain boat in a ti 
of hard glass, in a stream of pare dry hydrogen (s. Exp. 2 
Chap. III. of Pari II.). Weigh the residual copper in eadt cb 
and determine the oxygen by lc«s. Calculate the weight 4 
copper combined with 8 parts by weight of oxygen in each oxide 
EsUmate iron in the chloride of iron by dissolving abont 'i 
gram of each in very dilute hydrochloric acid, and titratia{ 
with a earrfuJly ttandavditrd permatiffonate w^uft&n : reduuf 
the ferric chloride t« ferrous, by means of jmre zinc, befon 
titration with permanganate. Also estimate the chlorine i 
tlie clilorides of iron by diaaolWng abont fl gram of end 
in dilute nitrie a^id, adding a slight excess of pttre Hlw 
nitmt« to/ution, and determining the mass of silver chloridl 
precipitated by the ordinary gravimetric method. Calcnlat 
tlie weight of iron combined with 3a'37 part« by weight o 
ohtoriue in eacli chloride^ 

The results of your experiments shew that 31'G and 63^ 
piuts by weight of copper combine with 6 parts by weight a 
oxygon to form cuprous and cupric oxide, respectively; ani 
that 38 and 18-6 parts by weight of iron combine with 35-3 
parts by weight of chlorine to form ferrous and ferric chlorki 
raspttetivuly. The atomic w^ht of copper is then xZ\i 
Mid iho atomic weight of iron is nl8-6 and m28, where x, n 
and m are whole numbers. 

Measurements of the specific heats of the two metala viQ 
serve to determine ihe ^-aloes of z, n, and in. 

Prepare approximately pure iron as follows. Place 100 or 
200 grtuits of thin iron wire in small pieces in a HesBiu 
crucible and heat in the air until a portion of the iron if 
su]irrticinlly oxidised ; then cover the contents of the cmcible 
with • plnt« of green glass, and heat to the highest teinperH- 
tUTu of a good wiitd-fumace. The oxygen of the ferric oxida 
oombines with tlie small quantities of carbon in the iron, »nd 
(Jio axc<«9 of ferric oxide dissolves in the molten glass. 

iVefwre approxiinatdy i-wre copper by electrolyang • 
mlutitm of pure copper snV^A«*e acA^isAei "trcOa sal^liurtt 
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^Bacid, using platiaum poles ; wash the copper which separates 
^Vtm the negative electrode and hammer it in a. clean steel 
^r mortar into a compact mass. 

Arrange a ealorivwter as described in Chap. VIT. Part II.; 
place about 20 — 30 grams of the iron you have prepared in a 
thin wide test tube; close the mouth of the tube by a plug 
of cotton wool through which passes a thermometer with its 
bulb in contact with the metal ; immerse the bulb in steam 
until the temperature of the metal is constant ; note the tem- 
perature of the metal and of the water in the calorimeter ; 
quickly transfer the metal to the calorimeter, and determine 
' ! of temperature. Repeat a similar experiment with 
I about 20 — 30 grama of the copper you have prepared. 

Calculate the specific heat of each metal, taking into 
xiimt the water equivalent of the calorimeter stirrer and 
lliermometer used. 

Use the results thus obtained to determine what multiples 
the combining weights of copper and iron, respectively, 
t the atoiiiii; weights of these elements. 

Exp. 2. Determination of the atomic weight of silver, 
P tliat of chlorine being known ; or of the atomic weight of 
cblotioe, that of ailver being known. 

This determination resolves itself into finding the ratio of 

the raasBes of silver and chlorine which interact to form silver 

_.^iloride, when silver nitrate solution is added to a solution of 

mmoniuni chloride. Itead Stas, Jiecherches sur les rapports 

s des poids alomiqwes, p. 38 et seq; or the German 

inslation Untersuchungen Uber die Gesefze der ehemiechen 

ionen i'c, pp. 31 — 60. 

It is necessary to prepare pwre silver, jiwe atnnuynium 

" , and pure sodium chloride ; the measuring vesaele 

d must be carefully corrected. 

Pure Silver. Dissolve ordinary coinage ailver {contain- 
ing copper) in dilute, boiling, nitric acid; evaporate to dry- 
ness, and heat till the mass melts ; after cooling, dissolve in 
—Water containing ammonia, and allow to stand for 48 hours ; 
1 filter through a double filter, and dilute until tlie liquid 
IS not contain more than 2 p.c. of silver. 
Measure the total volume of the liquid. 
" I solution of ammonium sulphite by saturating 

11 solution with sulphurous oxide. The sulphwrou 
e is prepared by heating pv/re sulphurio acid, diluted wi'' 
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J to I its volume of wtiter, with jrwre copper, and leading the 
goB through water. Add excess of ammonia to a Email ineasured 
quantity of the ommoiiium sulphite solutioa ; heat to boiling, 
and mil in the ammoniacaJ solution of silver nitrat« contaisiTig 
oopp4'r nitrate so long as the blue colour of this solution ia 
removed. Ouproua sulphite is formed and this reduces the 
silver nitrate with precipitation of silver. 

Having thus found the volume of the solution of silver and 
copper nitrates which is decolourised by a specilied volume 
of the ammonium sulpliito solution, add to the whole of 
the solution of silver nitrate containing copper nitrate that 
volume of the ammonium sulphite solution which will juat 
suiBce to decolourise it, place the liquid in a clean Gtoppered 
bottle and immerse it in water at 60"— 70°. The whole of the 
silver in the solution is soon precipitated ; wash the pp. by 
decantation with ammoniacal water until the washings cease 
to give a pp. with barium chloride solution ; then alloiv the pp. 
to remain in contact with concentrated ammonia solution iix 
a few days; finally wash thoroughly with cold wat«r, and dry. 

Ammonium chloride. One litre of a boiling concen- 
trated solution of ammanitan, chloride is mixed with 100 c.c. of 
nitric acid, specific gravity 1 'i ; boiling is continued ao long as 
chlorine is evolved, and the liquid is then allowed to cool ; the 
ammonium chloride which separates is dissolved in boiling 
water, 1^ volume of nitric acid is added, and boiling is con- 
tinued so long as chlorine is evolved. The liquid is then 
diluted with so much water that no solid separates out on 
cooling, run into a retort containing jrwre slaked lime, and 
distilled. The ammonia thus produced is washed by passing 
through a little water, and is then led into cold water. This 
solution is nearly saturated with hydrochloric acid gas, made 
by warming pure hydrochloric acid. The liquid is concen- 
trated ; the ammonium chloride which separates is dried at 
100°, in a long necked flask of hard glass, through which i 
passed a alow stream of pure dry ammonia gas. The dry ss' 
ia sublimed at the lowest possible temperature, the neck of tl 
flask being kept full of ammonia gas. 

Sodium chloride. Pure bicarbtmate of soda i 
to dull redness in a platinum dish ; the residue is dissolved il 
cold water; the liquid is evaporated in a platinum dish a 
crystallised; this process is repeated three or fourtimes. 
soh'd 13 dissolved in cold water, atid .saturated with ■ 
r^e acid gas ; the aodinm cWoc'iife vAwJii % 
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dried, heated to dull I'edneaa in a platinum dish, and dissolved 
in water ; the solution ia ttllowed to stand for 24 hours, and Ja 
then poured off from the silica wliich has settled down, and 
evaporated in a platinum vessel ; the residue is heated to dull 
redness and cooled in an exsiccator. 

A decinonnal solution of the sodium chloride is prepared; 
5-837 grama in 1000 c.c. : 1 c.c. precipitates -000766 grams of 

Method of procedure. A wooden box about 70centima. 
long, 22 ceutims. wide, and 45 centime, deep, is arranged with 
doors and openings as shewn in Figs. 52 and 53. The inside 
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of tlie bos is blackened. The flask or bottle containing the | 
solution of silver to be eBtimated is placed on one side of, and 
close to, the screen which divides the box into two parts, and 
at such a height that the surface of the liquid in this flask 
is level with the centre of the round opening (3 centima. 
diameter) in the screen. A spherical flask containing a solu- 
tion of potaaeium ehromate is placed on the other side of the 
screen, and a lamp is placed behind this flask ; this arrange- 
ment serves to throw a pencil of yellow light through the 
opening in the screen into the upper layers of the liquid in the 
flask. 

Weigh out very carefully about 1 gram of pure silver into 
a flask of about 300 c.c, capacity ; flt the flask with a caoutr 
chouc cork previously boiled in caustic soda, and well washed, 
carrying a tube with a, bulb blown on it and then bent twice 
at right angles ; plac« the flask in water kept at 40"— 45°, aud 
allow the open end of the tube to dip into water iu a beaker ; 
now add enough pure nitric acid, specific gravity 1-24, to dis- 
solve the silver ; when solution is complete, allow the flask to 
coo], and water to flow back into the flask ; wash the exit 
tube once or twice with water. When the contents of the 
flask are cold add pure ammonia, drop by drop, until tlie 
liquid smells of ammonia, then add 2>ure dilute tmetic acid until 
the smell of ammonia is removed. Place the flask in the 'titra- 
tiotirion'. Weigh out very carefully a quantity of ammanivm 
chloride rather less than that which the silver in solution 
is capable of completely decomposing (NH^OlAq + AgNO Aq 
= (NHJNO^Aq + AgCl ; 107-66 Ag decompose 53-38NH.C1); 
add this to the liquid in the flask; shake thoroughly and allow 
the silver chloride to settle. There now remains a small quan- 
tity of silver in solution ; to estimate tliis. All a 50 c.c. burette 
graduated to -}fj c.c. with the decinormal sodium chloride so- 
lution ; arrange the burette so that the liquid can be dropped 
into the flask through the opening in the lid of the box ; 
light the lamp, and arrange matters so that the upper layer of 
liquid in the flask is illuminated by the yellow light j add the 
aodiv/m chloride solution one drop at a time ; shake the flask 
well after each drop has run in, and allow to settle ; continue 
the addition of sodium chloride until a drop of the solution 
Bst ceases to produce an opalescence in the clear liquid in the 
flask, j^ mgm, of silver in 1000 c.c. water may be thus de- 
termined with accuracy. 

Calculate the weight of silver temo.\m.uft u\ Kolution after 
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tion of the ammonium chloride ; then find the weight of 
r which has been used to precipitate the chlorine of 100 
3 by weight of ammonium chloride. From these results 
ilate (1) the atomic weight of silver if CI = 35-37 ; (2) the 
lie weight of chlorine if Ag= 107*66 ; assuming that the 
> of the atoms of silver and chlorine in silver chloride is 
1. 



CHAPTER II. 



DISSOCIATION. 



The molecular weights of gasifiable elements and com- 
pounds are determined by finding the specific gravities of 
their vapours (s. Part II, Chap. Ill, 
Exp, 1). But some of the results 
obtained appear at first sight to be 
abnormal. The greater number of these 
apparently abnormal results are ex- 
plained by the occurrence of dissocia- 
tion. The phenomena of dissociation 
were briefly studied in Part II., but 
some other and more accurate Exps. 
must now be performed, (s. Pattison 
M u i r ' s Elements of Thermal Chemistry, 
Chap. IV. Sect. 2.) 

Exp. 1. Dissociation of hydriodic 
acid. Kead Lemoine, EquUibres chi- 
miqv^s entre Vhydrogene et Viode gazeiLX, 
Annales de Chim. et Phys. (5). 12, 
145. 

I. Lead a rapid stream of hydriodic 
acid gas for half an hour or so into a 
dry bulb (Fig. 54) of about 250 c.c. 
capacity, blown from the same glass as 
that from which pressure tubes are 
made. During the operation of filling, 
the bulb is surrounded by water of a 
known temperature. The neck of the 
bulb has been previously narrowed 
find thickened at a. The entTaiic^ oi ^\%.^^. 




f 
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moisture during the filling of the bulb with gaa is prevented 
by suspending in the neck a email tube, b, filled with calcium 
chloride. Tlie gaa is conveniently prepared from a mixture 
of 120 grams iodine, 6 grams amorpiioua phosphorus, and 
40 grama of a concentrated solution of hydriodic acid ; the 
gaa must be tlioroughly dried by passage over phosphorus 
peiitoxide. When the bulb may be presumed to be full of the 
gag it is sealed at « ; at the same time tlie barometric pressure 
is read. The bulb ia now heated for a couple of hours or more 
in the vapour of boiling sulphur (i40°) ; and then cooled as 
rapidly as possible by wiping it with a damp cloth. 

The sealed end of the neck is now broken off under a sal^t- 
rated solution of common nait which baa been well boiled and 
cooled out of contact with the air. The iodine resulting from 
the dissociation of the hydriodic acid, as well as auy un- 
deconiposed hydriodic acid, dissolves in the saline solution ; 
the residual gas in the bulb is transferred to a graduated tube 
and its volume is read off, and reduced to 0° and 760 mm. {= v). 
It ia necessary to transfer some of this gas to a eudiometer 
and analyse it, as it is impossible to get the bulb perfectly 
air-free. The volume of the bulb v must also be accurately 
determined by weighing it full of water. We have now all 
the data necessary for determining the percentage dissociation 
of hydriodic acid under the conditions of the experiment. 

The following example of the mode of calculation ii taken from 
Lemoine'E paper. 

i; = 35-4fi C.C, This gal on unaljaiB gnve 06'7"/oH and a-S^/oN. 
Eeuoe v oonsiated of 31-31 c.c. H and 1'18 c.c. N (the Utter nomber 
corroapcnils to I'5c.c. of air). 

The bulb, which had a capacity ii' — 304-8 c.c, had been filled with 
hydriodic acid gan at a temp, of lO'T" and under a pressure of T48'2 mm., 
hence it follows that the amount of gas opurattid on would ocoupy at 0° 



374'I 0. 



H 394'8 y. 74 8-a 

» 1-039 X 760 

V Now these 374-1 c.c. must have contained 1-6 c,o. of air. Hence the 
mnui quantitj of HI used was 374-1 -1-5 = 372-6 c.o. The half of thia 

= lSG-3 c.c. rapreeentB the hjdrogen of this lijdriodio acid; bat on 

warming, the -32 c.c. of oxygen in the air present would oxidise -64 c.o. 

of this hjdrogen; hence there areonlj 135-7 c.c. of "dispoaable" hydrogen. 

Hence the ratio of free hydrogen to total disposable hydrogen (which is a 
e of the dissociation) 
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mann for the dissociatian-presBurea of the carbaimtte at ordinsry 
r teinperaturea ;— 

176 52-6 

18-5 5S7 

20 64-7 

20-4 67-6 

1 evident from these numbers that the disaociatiou 
B with the temperature. 
The student aliould perform three or tour experiments 
in the manner described to verify this reault. 

II. Dissociation of ammonium carbamate in pre- 
sence of esceas of either of its products of disBOcia- 
tion. 

It can be theoretically proved {see Horstmann loe. cH.) 
that although the dissociation-pressure of ammonium carba- 
mate in presence of excess of either of its products of dis- 
sociation ought to be iesa than what it would be in vacu« at 
the same temperature, yet an excess of ammonia ought to 
dimiuisli the dissociation-pressure to a greater extent than an 
equal excess of carbon dioxide. 

Prove this experimentally. The apparatus required is the 
experimental tube already described Etnd a small gasometer 
similar to those used in nitrogen-determinatiooH ; the gaso- 
meter is calibrated with the same mass of mercury as was used 
for the calibration of the experimental tube. The perfee^/U 
dried gas (either ammonia or carbon dioxide as the case nUiH 
be) is brought into the gasometer and its volume is read dfll 
The end of the delivery tube of the gasometer is then brouriJB 
under the mouth of the experimental tube, and gas is forcflfl 
into this by pouring mercury into the funnel tube. WhaH 
sufficient gas has passed into the experimental tube the voluoM 
of residual gas in the gasometer is read oS. We have notfl 
all the data necessary for calculating the partial pressure, fU 
which the gas introduced into the experimental tube wouUH 
exert there. ^ 

The difference between the total pressure ir in the tubj 
when this has become constant and the partial pressure .^| 
gives us the dissociation-pressure (pj of the carbamate undeM 
the conditions of the experiment. ^t 

It is scarcely necessary to add, that the experimKi^| 
should be conducted in a room \.\ie Vem^ToJwv-Mi at irbi^fl 
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remains or can be maintained as nearly as possible constant 
for intervals of 3 or 4 hours. 

Appended are some of the results obtained by Horst- 
mann. 







Excess of COj,. 




to 


T 


P Pi 


P 


20-4 


78-9 


33-5 45-4 


66-2 


21-8 


105-8 


69-9 35-9 


71-0 


18-3 


112-4 


87-4 25-0 
Excess of NHg. 


55-0 


to 


T 


P Pi 


P 


21-8 


69-5 


24-4 45-1 


70-9 


20-6 


75-2 


35-4 39-8 


65-3 


17-8 


359-8 


355-3 4-5 


53-0 



In these tables p denotes the dissociation-pressure of the 
carbamate in vacuo. 

Four or five experiments should be made with different 
partial pressures in the case of each gas. 

If the results in each case are plotted out in such a way 

P 
that the values for the ratio - are measured along ordinates, 

P 

V) 

and the values for the ratio — along abscissae, two curves are 

obtained which are independent of the various temperatures 
at which the experiments have been conducted. In accordance 
with what has been said above, it will be found that the 
curve for ammonia is steeper than that for carbon dioxide. 



CHAPTER III. 



RELATIVE AFFINITIES OF ACIDS. 

When equivalent masses of two acids and a base are 
allowed to interact in dilute aqueous solution, the base divides 
itself between the acids in a definite ratio; this ratio expresses 
the relative affinities of the acids for the base. The values of 
the relative affinities of acids quantitatively condition many, 
if not all, chemical changes which are brought about by the 
acids, (s, Pattison Muir's Principles of Chemistry, Book 
II. Chap. III., where references are also given to original 
memoirs of importance.) 

Exp. 1 . Thermal methods of measuiing relative affinities 
of acids. Read Thomson, Thermochemische Untersuchungen^ 
1, 97—126. 

When equivalent masses of sulphuric acid and caustic soda 
interact in dilute aqueous solution, a gram-units of heat are 
produced ; when equivalent masses of nitric acid and soda 
interact, h gram units of heat are produced. When equivalent 
masses of the two acids and soda interact, either the whole of 
the soda forms sulphate, in which case a units of heat are 
produced ; or the whole of it forms nitrate, in which case h 
units of heat are produced ; or both sulphate and nitrate are 
formed, in which case the quantity of heat produced is 
different from either a or 6. 

Measurement of the heat actually produced will furnish 
data from which conclusions may bc5 drawn regarding the distri- 
bution of the soda between the two acids. 

When equivalent masses of sodium sulphate and nitric 
acid interact in dilute aqvieoua «»o\u^\ftT\, ev>i)jv^x wq Owsa^^ 
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occurs, in wliicii case no thernia.1 disturbance is noticed ; or 
the whole of the sulphate is decomposed, in which case a 
thermal change, equal in amount to the diHerence between 
a and h, occurs ; or a portion of the sulphate is decomposed, 
in which case the amonnt of theiinal chaage is less than 
the whole difference between a and b. 

Supposing that h-^a, and that when sodium sulphate and 
nitric acid interact x grams-uuits of heat disappear, x being 
less than h-a; then, if no other changes occur than those 

taken into account, we may say that r of the total mass 

of sodium sulphate has been decomposed ; hence we might 
calculate the distribution of the soda between the two acids, 
and so iiud the relative affinities of the acids. Thus, Thomsen 
founda = 31,378,6 = 27,234(6-fl = -iU4),a; = -3504;henee, 
assuming that no changes occur except those represented by 

a and ft, - . r/j = '845 of the total sodium sulphate has been 

decomposed by the nitric acid. 

But if, when sodium sulphate and nitric acid interact, the 
whole of the sulphate is not decomposed, the solution must 
contain sodium sulpliate and nitrate, and also sulphuric and 
nitric acids ; either or both of the acids may interact with 
either or both of the salts, or the acids may interact with each 
other, and these changes must he accompanied by produetion or 
disappearance of heat. Thomsen has found that the only one 
of the possible reactions accompanied by more than a very 
small thermal change is that between tjie sulphuric acid 
and the sodium sulphate. Hence it is possible to Und by 
thermal methods the approximate distribution of soda l)etween 
two acids when the three bodies interact in diluto solution in 
equivalent masses. 

The data to be determined are the thermal values of 
the following chemical changes;— (l)[H'80'Aq, 2NaOHAq]; 
(2) [SHNO'-Aq, 2NaOHAq]; (3) [Na'SO'Aq, 2HN0=Aql; (4) 
[Na,^SO-Aq, nH'SO'Aq]. 

Thomsen'a solution of the problem is given to shew 
how the calculations are made. 

(1) = 31,378; {2)^27,234, .-. (2)^(1) = - 4144 ; 
(3) = - 3504 ; (4) = - ^-^ 3300. 
M. P. C. Vi 
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The reoctiou between equivalent masses of sodium sulptiate 
and nitric aoid may be expreesed thermally thus 
[Na'SO'Aq, ITN'O'Aq] 
=a!([H"N'0°Aq, Na'O'H'AqJ - [H'SO'Aq, Na'O'H'Aql) 

+ (l-a:)[Na'SO'Aq, j^H'SO'Aq]. 

Sutetituting ThomBen'a values, we have 
[Na'SO'Aq, K'N-CAq] 

-- a X - iU4 + (1 - x) [Na'SO'Aq, j-^ H'SOAq]. 

If X is assumed =§, the calculated value of tliis equa- 
tion becomes — 3546 ; the observed value of the reaction 
between Na,SO,Aq and HjN,OjAq was — 3504 ; hence x ia 
probably =|; le. the affinity of nitric acid for soda is twice 
as great as that of sulphuric acid for the same base ; or in 
other words, when equivalent masses of soda, nitric acid, and 
sulphuric acid, interact iu dilute aqueous solution, | of the 
soda forms sodium nitrate, and ^ forms sodium sulphate. 

Method of procedure. Solutions of eauaiie soda, sul- 
phwrio acid, nitric acid, and sodium mdphate, are required ; 
convenient strengths are (1) 40 grams NaOH in 180Q grama 
water, (2) 98 grama H,SO, iu 3600 grams water, (3) 63 graing 
HNO. in 1800 grams water, (4) 142 grams Na.SO, in 3600 
grams water. 

The soda solution may be prepared by dissolving rather 
more than the proper quantity of ' »oda purified by alcohol ' in 
water, adding baryta waler drop by drop so long as a pp. of 
barium carbonate ia produced) then a very little more baryta 
water, boiling for a few minutes, pouring into a stoppered 
bottle, and allowing to settle, drawing ofl' the clear liquid, and 
titrating with standard acid. The exact strengths of the acidd 
solutions must be determined by titration with a staudardise^H 
alkali solution. !H 

Determine the htala of neutralisation by soda of the sn^| 
phuric and nitric acids as directed in Part II. Chap. VH. 
Exp. 6 ; taking care that the liquids are at the temperature 
of the air before mixing. 

Also determine the thermal value of the reaction which 
occurs when equivalent masses of nitric acid and sodium 
sulphate interact. 
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Convenient quantities of the solutions to use are those 
which contain 10 grama NaOH, 12'25 grams H^SO^, 15*75 
grams HNO^, and 17 '75 grama Na,SO„ respectively. 

Determine also the quantities of beat which disappear 
when Na^SOjAq and H,SO,Aq interact in the ratios of 
Na^SO, : 4H,S0,; Na^O, :H,SO,; Na,SO< : 2H,S0.; and 
Na,SO, ; iH^O^j the results ought to agree fairly with those 
calculated by the equation 

[Na'SO'Aq, iiH'SO'Aq] = - ^_g 3300. 

From your results find the relative affinity of sulphuric 
acid for soda, that of nitrii; acid beiny taken as unity, 

Exp. 2. Chemical method of determiuiug relative affini- 
ties of acidB. Head Oatwald, Chemisdie Afflnitdtsbestim- 
mungen. Journal furprakt. Chera. (2). 23, 251. 

Guldberg and Waage's theory of mass-action is assumed. 
According to tliis theory, if an acid acta on the salt of another 
acid, which salt ia insoluble in water, with production of a new 
soluble salt and a new soluble acid, theequatioii A.^.g= &' .p'.q' 
applies, except tliat the term corresponding to the insoluble 
salt becomes constant If for example an equivalent of hydro- 
chloric acid (p) interacts with an escesa of calcium oxalate (q), 
then at all atages of the process calcium chloride (p") and 
oxalic acid {q') are present in equivalent quantities. By 
putting the mass of hydrochloric acid originally present as = 1, 
and that of the oxalate dissolved as = x, where 1 and x repre- 
sent equivalents, the equation becomes A(l — a;) c = A'.a^; and 

F-7iY^rW-,'-J,-^Zx)- 

The quantity x can be measured directly ; c (the chemical 
mass of the calcium oxalate) is constant. 

By repeating the determination of the oxalate dissolved 
when another acid is used, a second e.tpression ia obtained of 
the form 



S^ 



c' = the quantity of oxalate t^saoYvei Vi^ Vlfte ?swi'o&. 



IP. m 
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aad. The ratio , : — — ^ gisea the ratio of tie 

Vl -fc vl -a' 
Affinities of the two adds. (For more deUils «, Psttison 
Hnir's PrineipUa of CKemittry, pars. 219, 220.) 

For example, in studying the reaction between caleitun 
oxalate and hydrochloric and nitric acids, respectively — <iiie 
gram-eqaivalent of atid in 8 litres of water— Ostwald found 
that 7-87 p.c. of the oxalat« was dissolved when hydrochloric 
acid was used, and 801 p.c. when nitric acid waa used, at 20" 
(Le. 100 etjaivalents of hydrochloric acid dissolved 7-87 equiva- 
leiitB of the oxalate, and 100 equivalents of nitric acid dissolt-ed 
8'01 oquivaleata of the oxalate) ; hence, putting the acid as 1, 

id -0787, and ,?^^OUG: and hence also ai!' = -0801, and 

-- =-nUl The ratio 0146 : 0141 - 1 : -97 : henoe the 
J\-x' 

relative affinity of nitric acid is 'S?, that of hydrochloric acid 
being unity. 

Method of procedure. A quantity of calfiuitit oxalalf, 
C»C',0,.H,0, is prepared by mixing concentrated wann boIu- 
tions of ammonium oxalate and eniciuin c/Uoride, washing the 
pp. thoroughly, and drying at 100". A solution of liydrocMmc 
acid containing 30'37 grams HCl in S litres of water is also 
prepared ; also a very dilute utandardieed nolution ofpolamdum 
permatiffaiuile (-316 grams in 1000 ac. is a suitable strength; 
1 C.C. = -46 mgrns. H,C,OJ. 

Arrange an apparatus as shewn in Fig. 55. J is an empty 
bottle of about fiOO c.c. capacity ; £ is a smaller bottle ; a h 
an inverted thistle-headetl tube covered with muslin, over 
which is placed a round piece of filter paper, which is then 
covered with another piece of muslin ; the upper end of this 
thistle-headed tube communicates, air-tight, with a pipette, as 
shewn . When the air in J is compressed by means of the 
india-rubber ball the liquid in £ is forced upwards, through 
the filter a, iato tlie pipette ; any solid matter suspended in 
the liquid remains in £. 

Place a weighed quantity (several grams) of calciun] oxalate 
in jS, and add a measured volume of the solution of hydro- 
chloric acid ; taking care that there is considerably more 
calcium oxalate than the acid is capable of dissolving. Keep Jj^ 
ill water at 20" until the system has attained equilibriifl^ 
(2 hoars or so i« sufficient^, ataVVog tiom \K.vQft Vi ^i^oe ■, tJ " 
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compress fJie air in A, and so force liqiud through the little 
filter into the pipette; transfer a pipette-full of the clear 




Fig. 55. 

liquid to a white basin, and determine the o^xalic acid by 
titration with the dilute standardised permanganate. Repeat 
the experiment two or three times. 

Arrange and conduct a similar experiment using a solution 
of nUric add containing 62-89 grams in 8 litres. 

From your results deduce the affinity of nitric acid, that 
of hydrochloric acid being taken as unity. 

Exp. 3. Volumetric method of detennining relative affi- 
nities of acids. Read Ostwald, Vo!uiitche,misc/w 6'(Wi(m liber 
Affinitat, Journal far prakt Chem. (2). 16, 385. 

When equivalent masses of an acid and a base interact in 
dilut« aqueous solution, a change occurs in the volume of the 
solution, and it is possible to deduce the amount of chemical 
change from measurements of this change of volume. If 
the same base is then caused to interact with anotiier acid 
and tlie volume-change is measured, and if both acids are 
then allowed to interact with the base, and the volume- 
change is deterniined, it is possible to dedwca ttv* 'w»st>, *A 
base which haa interacted with eiuib atid to icivwi a, ?ai&, '"'^ 
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hence to find the relative affinities of the two acids for this 
base. 

Make an aqueous solution of pv/re potash containing 56 
grams KOH in 1000 c.c. ; keep this normal solution in a well 
stoppered bottle. Determine the specific gravity of some 
pure concentrated nitric acid, and deduce the percentage of 
HNO3 in the liquid ; dilute a measured quantity with such a 
volume of water that 1000 c.c. of the solution contain rather 
more than 63 grams of HNO3. Now determine the exact 
strength of this acid by means of the normal potash solution, 
and then adjust the concentration of the acid solution untD 
1000 c.c. contain exactly 63 grams of HNO3. By a similar 
procedure prepare about 1 litre of a dilute solution of sulphuric 
a>cid of the concentration 98 grams HgSO^ per 1000 c.c. 

Now thoroughly clean a SprengeFs specific gravity tube, 
by washing it with potash, then with hydrochloric acid, then 
with water, and finally with alcohol ; dry the apparatus by 
warming it, and then sucking a current of dry air through it 
for some time, the air being passed through a plug of cotton 
wool as shewn in Fig. 56 to prevent the entrance of dust. 





tonuin|* 




Fig. 56. 

Weigh the dry specific gravity tube accurately. Then fill the^ 
instrument with water which has been boiled and cooled iw-- 
vacuo to free it from air, and weigh again. 

Wash out the apparatus with a little of the normal potash^ 
solution, then fill it to the marks with this liquid and-* 
weigh again. Proceed similarly with the nitric acid andtf 
sulphuric acid solutions. 

Now make a mixture of 100 c.c. of the normal potask::^ 
solution with 100 c.c. oi t\ie normal m\>\\G «^\ji «il\it^^ sti 
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Tell and allow to stand for some time ; then fill the specific 
gravity apparatus with the liquid and weigh again. In a 
ffiimilar way make, and determine the specific gravities of, 
miEtTires of (1) 200 c.c. normal potash and 100 c.c. aulphnric 
*cid Bolutiona, (2) 200 c.c. potash with 200 c.c. nitric acid and 
' 100 0.C, sulphuric acid solutions. 

I<et a: equivalents (a; < 1) of the base (potash) interact 
Irith the nitric acid, when this acid and sulphuric acid are 
•Siixed with the base in equivalent quantities; and let F be 
the volume-change when one equivalent of base interacts with 
(me equivalent of nitric acid. Then 1 — ic equivalents of the 
tase must have interacted with the sulphuric acid- 
Let y be the volume-change when one equivalent of the 
base interacts with one equivalent of sulphuric acid ; and let 
F" be the volume-change when equivalent masses of the two 
koids, nitric and sulphuric, simultaneously interact with a 
■ipantity of the base equivalent to the mass of one of the acids 
p«Bent. 

Then F" = 3;r+ (1 — a:) F'; hence the value of ic can be 

The ratio gives the relative afGnities of the two acids. 



Q shew the oeeurncj' of tbe method 



Weight of specific gravity tube 

filled with water at 20''=26'5712 

alone = 13-C466, 

.-.weight of water filling the tubn^ 12-9246. 

Weiglit of specific gravity tube filled with 

sulphuric acid Bolntion = 27-380 ■* 

nitric Bflid solution = 27-027 

potash sola tion = 97-0S68l , ,w« 

miied potash and nitric add = 26-9428 r '■'"^ 

potaHh and anlphurie aoid = 27-0698 

potash, nitric and sulphuric adds.. , =27-0302 



The fallowing speciSc gravities 
specific gravity oi sulphi 



deduced from these numbers ;- 
3 aoid solution = 1-0636 

nitncaoid = 1-0352 

potBHBJnm sulphate ,,. = 1-0386 



, potash = 

„ mixture of two adds! 
and two salts i ' 



1-0375 
1-0355. 
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Henoe the speoifio volnme — i.e. of the potassium nitrate 

sp. grav. 

solution is *971. 

But if no volmne-ohange had oceorred, the specifie volume of this 
solution would have been "OGS. Hence when eqni^ent masses of potash 
and nitric acid interacted in dilute aqueous solution an expansion occrurred 
which can. be represented by -OOG. Similarly when equivalent masses of 
sulphuric acid and potash interacted in dilute aqueous solution the expan- 
sion which occurred can be represented by *003; and when equivalent 
masses of the two acids and potasE interacted the expansion which 
occurred can be represented by *()05. 

Hence •005=xx-003 + '006(l-x), 

The observed value of the ratio x :1 -x shews ttiat the affinity of 
nitric acid towards potash is double that of sulphuric acid. It is here 
assumed that the only change which occurs when the two acids and the 
base are mixed is formation of the two normal salts ; as a matter of fact 
the change is complicated by an interaction betweeii the sulphuric acid 
and the normal potassium sulphate formed, (comp. Thermal methods of 
meoiuring affinities, in this Chapter.) 




METHODS OF DETERMINING THE CONSTITUTIOtfS OF 
COMPOUNDS. 

AsauuiKO the molecular formulae of a series of compounds 
to have been determined, the reactiona of formation and 
decompoBitibn of the coinpoandB are studied, and the relations 
between the couipounds established by these reactions are 
expressed in formulae which rest on the atomic and molecular 
theory and more especially on the hypothesis of valency. 

Determinations of certain physical or physico-chemical 
constants for series of compounds also sometunes enable con- 
clusions to be drawn concerning the constitutions of these 
compounds; for instance, determinations of the specific volumes 
of gasifiable carbon compounds, or of the rates of etherification 
of alcohols and acids, have thrown light on the constitutions 
of many compounds. 

Exp. 1. Chemical method of investigating the constl- 
tntionB of compounds. {«. Pattison Muir'a Principles of 
Chemistn/, Book I.; especiaDy C/tap. II. sects. 3 and i.) The 
molecular formulae of the compounds studied in the following 
Expa. are assumed to be known. Details of the preparation of 
the compounds will be found in manuals of organic chemistry ; 
the student should consult one of these manuals, and draw- 
up a plan for the preparation of each compound : only the 
outlines of the scheme of experimental study are given here. 

(1) Prepare absolute alcohol, C,HjO. (2) Dissolve godium 
in a portion of the alcohol; prove that hydrogen is evolved; 
evaporate the liquid in vacuo ; prove that the crystals obtained 
have the composition C|HjONa.3C,H 0, by heating a weighed 
quantity to 1 80° and noting the loss of weight (the loss is alco- 
hol), and estimating sodium in the residue. (3) Compare the 
reactions between (a) PC\ and H,0, and (6) PCI, and C,H,0. 

The results of Esps. (1), (2) and (3) suggest the formula 
C,H^.OH for rt-foi/iy;. 
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(4) From another portion o£ the alcohol prepare aldehySe, 

2fifi. (5) From ftnother portion of the alcohol prepare 

Macelic acid C,H,0,. Prove acetic acid to be monobasic. (6) 

■ From a portion of the acetic acid prepare acetyl ehiondt, 

I C.H OCl. 

The results of Expa. (4), (5), and (6) suggest the fonniila 
f 0,H O.OH for aeHic acid. 

(7) Mix dry aodium aretate with dry eauatie soda, heat, and 
prove that methane, CH„ is evolved, and sodium, carbonatt 
remnins. (8) From another portion of the acetic acid made in 
(5) prepare, i. monochloraeetie acid C,H|C10.0H ; ii. trichloT- 
acelic acid C,CI^O.OH ; and prove each acid to be mionohane. 

The results of Exps. (7) and (8) suggest the formula 
CH^.COOH for acetic add; and taken along with the former 
results, they suggest the formulae CH^.CH.OH and CH^.CHO 
for alcohol and aldehi/de, respectively. 

(0) From aidehyde prepare elltylidene cMorvli, C,H,C1,. 
(10) From ethylene prepare etliylene cMoridt, C,H,C1, (11) 
Prove that the ethylldene chloride prepared from aldehyde is 
different from the ethylene ohloride prepared from ethylene, by 
comparing the boiling points and speci^c gravities of the two 
compounds. 

Assuming the structural formula of the molecule of ethylene 
to be H,C— CH^ and the addition of chlorine to result in the 
formation of the molecule CIH C — 0H,C1, the results of Esps. 
(9), (10), and (11) confirm the formula CH^.CHO for aldeh^d«^ 
and hence the formula CHj.CH,On for alcohol. 

(12) From aldehyde prepai'e alcohol by the action of 
kydrogifn. 

Exp. (12) confirms the formula CH^.CH^OH for alcohol 
Draw up an account of the experiroente performed ; and 
state clearly the reasoning employed, the assumptions made, 
and the conclusions arrived at regarding the constitution of the 
molecules of alcohol, aldehyde, and acetic acid. 

Exp. 2. Bates of etherification of alcoholB b; acetic acid. 

When an alcohol is heated with acetic acid in molecular 
proportions a certain amount of the alcohol is eh 
ethereal acetate. The amount of change which o 
hour has been called the initial velocity of etherification, ani 
the amount which occurs when the whole system has attained 
equilibrinm has been called the limil of etheri/ieation. The I 
values of those constants tor seizes ol liiiSiVA v«« laoiBseSed 1 
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K^nth the constitutions of the alcoliots. (s. Fattiaon Muir'a 
^Kprineipleg of Glieniistry, Book I. Chap. IV. sect. 4.) 
^t Rates of etherification of ethylic, propylic, and 
■■•Bormal primary butylic, alcohol. Read, Menschutkin, 
Jieehercltea gur Vinfiuewx exerc^ par ViaoTnerie. deg alr.ooU el 
lies acideg av/r lajormalion des Ethers oompogSs. Annalea de 
Chim. at de Phya. (6). 20, 289. 

About 5 grams of each alcohol; 10 or 15 grama of pure 
'c acid I and a dilute baryta golution standardised againat 

,cid, are required. 
Mixtures of the alcohols witR acetic acid in molecular 
roportions are heated in very small seated tubes of about 1 
•„ capacity. About 4 or 5 grams of each alcohol is placed in 
i small stoppered bottle of about 20 cc. capacity, which has 
' been previously weighed ; the bottle and its contents are 
weighed, and the mass of alcohol is thus accu< ■ 

rat^y determined. The necessary quantity of * i i 
acetic acid is calculated, and is then added 
from a small burette with a fine opening, 
graduated to ^ c.c. ; the weight of a drop of 
pure acetic acid delivered by tlds pipette is 
det«rminod, and the exact quantity of acid can 
I then be delivered by counting the drops after 
Ktiie greater part of the acid has been run into 
■ the alcohol. 

K The tubes to contain the mixture are of 

Bl|}ie shape shewn in Fig. 57. A piece of caout- 

K&oac tubing, connected with an india-rubber 

Pi>aII and furnished with a screw-clamp, is 

attached to a \ the ball is squeezed, and the 

other end of the tube is dipped into the liquid, 

which is then sucked into the tube by slowly 

releasing the ball. Wlien the little bulb is 

about 1^ filled, the sorew-clamp on the caoutchouc 

tubing ia cloaed, and the tube is sealed ofi' at 6 ; ^' 

by gently tapping the little bulb the liquid is caused to rise 

above c, and the tuVie is then sealed off at c. The small Iwttle 

containing the mixture of alcohol and acid is again weighed, 

a,nd the weight of the mixture in the little bulb ia thus 

determined. 

Four tubes are to be filled with each mixture of alcohol 
i aioA. ; making twelve tubes in all. The tu\«5 avft -Ommv *j^ 
soBpended in a bath of glycerm, p\aji«A cm a. *M\&.-\.iro.-^, ■^A 
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heated by means of a Bunsen-lamp himifihed with a gas regulator 
and surrounded by a screen to stop draughts of ' 
temperature of the glyceiin is raised to 154" — 156° and thS' 
tabes are then alowly immeraed. 

Sis tubes, being two of each Heries, are removed at t 
end of OQ hour, and the remaining six are removed after 
hours. When each tube is cold it is placed in a stopper 
bottle containing 30 — 40 c.c. pure alcohol and 4 or 5 drops 
a very dilute alcoholic solution of roaolic acid; the tube 
broken by agitating the bottle, and the acetic acid which ba 
not been decomposed is determined by the Btandardiaed baryt 
solution. 

As the amount of acetic acid originally present is knowi^ 
it is easy to calculate the percentage of acid, and hence tin 
percentage of alcohol, which lias been changed to an etherea 
salt. The mean of each pair of experiments after etherifica 
tion has proceeded for one hour is taken as the initial velo<dtg 
of etherification, and the mean of each pair after 48 hourv ai 
the limit of etherification. 

The experiments of Menachutkin proved that the 
consisting of acetic acid and ethylic, propylic, or bntylig 
alcohol attain their final equilibrium after about 48 hours d 
155*. Menschutkin obtained the following results :- 
Inieial velocity. Limit. 
Acetic ethylic system 4695 C6-57 
„ propylic „ 4G'92 G6'85 

„ butylic „ 4G'85 67-30 

Exp. 3. Bpeciflc volumes. 

The specific volume of a gasifiable compound is usually 
, „ , moiecnlar weight 

defined as ^ 5-p — ^-f—- . 

spec. grav. of lnjuiu at u. P. 

The specific volume of a solid compound is usually defined ai 
reacting weight 



spec. grav. of S' 

Determinations of these constants often throw light e 
questions regarding the constitutions of compounds. («. F 
tison Muir's Principles of CJieinigtry, Book I. Chap. 
sect. 3.) 

9peci£c volumes of liquids. Read, Ramsay on 
Faiumes 0/ liquids at thew boiiiTig-poitvU oblnin^A Jtq 
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N of their gases. C. 8. Journal, TmnB. 1879, p. 

g. 58 ehewa the apparatus required. It consists of (1 ) a 

bulh of Uiin glass of about 10 cc. capacity, sealecl at one 

cd teradnating at the other end in a 

iry tube bent into the form of a iiook ; 

glass vessel of the form, and about three 

the si^e, of that shewu in the Fig. The 

is suspended by tliin platinum wire, as 

i; the esit tube from the glass vessel may 

Uiect«d with ft condenser if neceaeary. 

le bulb is cleaned and dried, and its 

t is carefully determined ; it is then 

with boiled distilled water at a known 

rature, and weighed ; from these data, 

the known expansion of water, the 

ity of the bulb at 0" is deteraiined. 

tie water is then placed in the glass 

I; the bulb (tilled with water) is sus- 

Id as shewn in the Fig. ; the water is 

1, and the bulb is allowed to remain in 

leam until drops of water no longer llow 

I the capillary opening; the source of 

ifi removed and the bulb is allowed to 

I Then cold, it is carefully dried exter- 

ii and weighed. The results of this 

iment afford datn for linding tlie cor- 

•i to be applied for the expansion of 

jbiBB of the bulb, and for the difference 

ten the temperature of a liquid in the 

I BoBpended in the vapour obtained by 

ig that liquid in the glass vessel and the 

Boiling point of the liquid. The calculation is made by 

jig the volume at 100° of the water contained by the bulb 

[' from the data of Kegnault and £opp, and comparing 

idth the observed volume of the water contained by the 

Svhen heated in steam : the result is stated in the form 

(oefficieiit*. 

lie bulb is now emptied, by placing its open end down- 

ir and heating, rinsed with alcohol, and dried ; a little of 

jquid the specilio volume of which ia to be determined is 

Bwosay found that the copfficient tor Blmost erery 1)0111 ia ■00015- 

ttume of water at 0" becomes l'0429a& \d\». a,*. YW* . 




Fig. SB. 
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now brought into the bulb, by warming and at once plun^ng 
tlie open end into the liquid; the bulb is rinsed with tliiB 
liqnid and then emptied, and this process is repeated two or 
three times. The bnlb ia now nearly filled with the liquid to 
be examined, by introducing a little as described, boiling 
this by meana of a lamp or by surrounding it with hot sAai, 
and plunging the open end into the liquid, and repeating this 
process until sufficient liquid is got into the bulb. Shonld the 
liquid to be examined be very volatile, or be decomposed by air 
or moisture, it is advisable ki fill the bulb by suspending it in 
the glass vessel, inserting a glass rod in place of the exit tube 
from the vessel, and connecting the lower end of the bulb with 
this rod by a platinum wire ; some of the liquid is then 
quickly brought into the glass vessel and boiled ; the bulb 
being thus heated ia lowered into the liquid and tilted, by, 
means of the two wires and glass rods, so that its neck ' 
beneath the level of the liquid for a moment ; a little liqi 
enters; the bulb is raised and the liquid is boiled; this pre 
is repeated tiil sufficient liquid has teen got into the bulb. 

When the bulb has been nearly filled with the liquid whoBS 
specific volume is to be determined, it is suspended in the glass 
vessel, in which is placed a little of the same liquid; the liquid 
in the vessel is boiled; when drops no longer flow from tM 
capUlary opening of the bulb, the boiling is stopped ; the bnd 
is allowed to cool, when it is dried and weighed, i 

The specific gravity of the liquid at its boiling point H 
calculated by the formula ; — M 

where IV- weight of liquid in the bulb, W = weight of watM 
which fills the bulb at 0", t- boiling point of liquid, and a=S 
coefficient as determined by experiment (usually about "OOOlSlI 

The student should determine the specific volumes of (n| 
ethylic alcohol, (3) a paraffin or olefine boiling from 40" to 90S 
(3) hejixene, (i) phenol. M 

Specific volumes of solids. Read Thorpe and WattJ 
onthe Specijie volumes of water of crystallisatioTi. C. S. Journaja 
Trans. 1880, p. 103. | 

A stoppered speciiic gravity bottle of 35 c.c. capacity wild 
a narrow neck, and several small weighing tubes, must IM 
provided. The bottle is carefully cleaned, dried, and we^hajfl 
those proo^es being repeated two ot t\wfta \Kio«&, tt ia thtH 
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filled to the mark on the neck with benzene which has been 
purified by freezing, and immersed in water of a known tempera- 
ture for some houra; the level of the benKene is then accurately 
adjusted to the mark on the neck, and tlie bottle is dried and 

Inreighed. This process is repeated several times. The data 
for the bottle are thus obtained. 
>. The compounds whose specific volumes tlie student is asked 
to determine are, copper sulphate and itn various hydraisB, 
vupric hydroxide, and cupric oxide, 
(a) Copper mdphate ; CuSO^. Pure copper sulphate is re- 
erystallised from water. The crystals are powdered and dried, 
and a weighed quantity is heated to 330°, in watch-glasseB, until 
it ceases to lose weight. The dry salt is then transferred to one 
of the weighing tubes and placed in the air bath at 280°; after 
a little time the tube is removed to an exsiccator and allowed 

I, to cool ; a few grams of the salt are then quickly transferred 
! to the specific gravity bottle; the bottle and its contents are 
I boated to 280° until the weight is quite constaiit, Tbe bottle 
f IB filled with benzene, and the necessary weighings are made. 
"SVo independent aeries of observations should be made. 
I (6) PentaJiydr(Ued copper sulphate; CuSO^.SHjO. Pre- 
,y&red by re-crystallising pure copper sulphate from water, 
tpowdering, and drying by pressure between filter paper. 
I The speciiic gravity is determined as described, but it is 
I Sot necessary to heat the bottle or the salt, 
(e) Trihydrated copper sulphate ; CuSO^ . 3H,0. Pour a 
cold saturated solution of pure copper sulphate into an equal 
volume of sulphuric acid of specific gravity l"? ; wash the pp. 
which forms with small successive quantities of absolute 
alcohol until the washings are free from sulpliuric acid, and 
' ry between filter paper. Make determinations of the water, 
/ drying at 280°, and the sulphuric acid, by precipitating as 
taSO,. 

The specific gravity is determined as in (6). 

(d) Dihydrated copper sulpkafs; CuS0^.2HjO. Pour a 
gpld concentrated solution of pure copper sulphate into 
Boncentrated sulphuric acid with constant stirring; wash with 

ptbsolate alcohol, and dry between filter paper. Make determi- 
lations of the water and sulphuric acid. 

The specific gravity is determined as in (6). 

(e) Morwhydrated copper sulphate ; CuSO, . H^O. Heat the 
mtahydrate to 1 10° until it ceases to lose weight at that tem- 
U?ature. Mate a detenoiiiation oi s\).\p\iat\cftK\i,OT<A.-«s*iei, 
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Determine tlie specific gravity as in {(t), lieating the specifi* 
gravity bottle with the salt in it to 110° until the weight if 
constant. 

(J) Cupric hydroxide; CuO,Hj. Add potash to e 
rather dilute solution of pure copper sulphat* nntil the blnKj 
colour of the liquid has nearly disappeared ; collect the pp. at 
a titter, waeh it as rapidly as possible with cold water until Iba 
wBfihingB are free from sulphates, dry by pressure betweca 
filter paper and then over sulphuric acid. Make det«rmiiu« 
tions of water by heating to redness, and of copper b|f 
ulandardiged potaaHum cyanide solution. 

The specilic gravity is determined as in (6). 

(3) Guprie osdde; CuO. Heat a portion of the hydro 
(f) to 150"— 200° until it ceases to lose weight. Determia* 
the specilic gravity as in {b). 

Aaamning tliat the difierencee between the specific volnmelt 
of the various hydrated copper sulphates represent the specift 
volumes of the uxUer of cryntaUinaiioji combined with ooppa 
sulphate to form these various hydrates, and that the difiTereiU 
between the specific volumes of CuO and GuO^Hj i 
Bents the specitic volume of the water of eonglitutwn whid 
chemically interacts with CuO to form CuOjHj, oompi 
the results you have obtained in exps. (a) to (e) with t^oe 
obtained in exps. (/) and (3), and shew how they help i 
establish a distinction between wafer of cryetalUiiation aa 
ioaler of constitution. As additional data in this comparTiBoi 
make use of the following specific gravities of oxides i 
hydroxides or hydrated oxides ;■ — ■ 

[,!), I:K>»n,p CuO QtO.HgO K^, 1I^),SII^ 

Spec. Orav. i-ia 4-37 318 B'l X-81 ' " 

Also use the following specific gravities of crystalline saltl 
and hydrated salts ; 



Oici, ctattiua bki, naci^HaO Nii,n,0i NmittOtJO! 

Spec. Grav. 2-ii l'ltJJ6 3-8S6 3-062 S'Sti? l-GSfS 

Calculate in each case the mean specific volume of e 
molecule of water of cryiitatligatio}i, and compare this volumi 
with the mean specific volume of each molecule of vsaler <j 
eonnfitntion. 
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OUTLCNES OF MUGUEHTED EXPElllMBNTS ON PAUT I. 



I. Given two elements. Find what elemeDts they a( 
then prepare a compound of each of these elements and prove 
ejcperimentally that tiie bodies you have prepared are com- 
poonds. 

{Femim redtKtuni; Sulphur.) 

II. Of the two bodies A and B, one is an element and the 
Ather is a compound. Examine quantitatively the action of ' 
■heat on A and B, and also the action of dilute sulphuric acid 
on A. From the results of your experiments determine as far 
as you can which is the element and which is the compound. 

(A — Femiia redactum; B = Potns«ium chlorate.) 

m. Given three osidea A, B, and C. Determine experi- 
mentally which is a basic oxida, which is an acidic oxide, and 
"Vhieh ia a peroxide. 

, I = JUanganese dioxide; B^Chromic oxide. Ct^O^; C=Chromic 
OnJ^dride.) 

[V. Given two elements. From the properties of their 
Oxides classify the elements as metals or non-metals. 
{Zinc powder ; t'louiers of eulphur.) 

7. Given four elements. Prepare an oxide of each, and 
examine the interaction of water with each oxide, determining 
'*hether an acid or an alkali is formed, or whether no change i 
Occurs. Then act on each element with dilute sulphuric aa\d. 
and determine whether gas is evolved ■, \n. caaea oi ^^a-ft"^*3«i«i.'i>"Qj 
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find what particular gas is given off. In those cases where an 
action occurs and the element dissolves, boil down the liquids, 
and find whether salts have been formed. From the results 
obtained classify the four elements as metals and non-metals. 
What other properties would you expect to belong to those 
which are metals, and what other properties to those which 
are non-metals 1 

{Ferrum redactum; Flowers of sulphur; Powdered magnesium; and 
Powdered charcoal. ) 

VI. Prove that the given oxide is not acidic, but that it 
reacts with an acid to form a salt. 

{Chromic oxide, CrjOj.) 

VII. Given four salts, A, B, C, and D. Sulphuric acid 
reacts normally with two of these salts, A and B : the products 
of the interaction of this acid with C and D are not such as 
would result from a normal reaction between an acid and a 
salt. Prove these statements experimentally. 

(A= Potassium chloride; B = Lead acetate; C = Potassium iodide; 
J) = Mercuric chloride.) 

VIII. Given red lead. From it prepare two other oxides of 
lead. Prove one to be a basic oxide and the other a peroxide. 
Determine experimentally whether the peroxide does or does 
not react under any conditions as an acidic oxide. 

IX. Given a salt A. Find its qualitative composition; 
then prove that the gas evolved when A interacts with concen- 
trated sulphuric acid is soluble in water and that this solution 
reacts as an acid. By neutralising this acid solution, obtain 
the original salt in a solid form. 

Perform similar experiments with the salt B, and compare 
the results obtained in this case with those obtained in the 
case of A. 

(A = Potassium chloride ; B = Potassium nitrate, ) 

X. Given an aqueous solution of an acid, a metallic oxide, 
a metallic carbonate, and a metaL 

Determine qualitatively the change that occurs when (1) 
the oxide, (2) the carbonate, and (3) the metal, reacts with the 
acid. 
(Zinc; Magnetic oxide of iron ; Sodium cofbcmaU \ H^dirocKlone acid.) 
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XI. Compiire the reactions of the given metn-l with each 
of the ."icids given ; determining, as far as eaii be done by 
qualitatiye examination, (I) what gas (or gases) is evolved in 
each case, (3) what are the compositions of the non-gaseous 
products of the reactions, 

(JJinc ; Hydrocklorie acid ; Nitric acid.] 

XII. From the metal A prepare two salts each composed 
of the metal und the same acid radicle, establishing by 
experiments that the salts you have prepared are different in 
their properties. Find out as much as you can by qualitative 
expeiTments regarding the differences between the compositions 
of the two salts. 

I Determine experimentally whether the metal E forms two 

I salts with the same acid radicle or only one. 
(A=Jron; B^Zinc.) 

XIII. From the given salt, prepare that oxide of the 
metal of the salt which contains the metal and oxygen united 
m the projiortion of three atoms of metal to four atoms of 
oxygen. 

[You are not required to prove the composition of the oxide 
analytically, but merely to identify your pi-eparation with the 
oxide MjO^ from knowinj^ the properties of that oxide.] 

Determine by experiment what salts are formed by the 
interaction of hydrochloric acid with the oxide you have pre- 
pared. Conti-ast this reaction with that between the same 
>«id and the oxide M^O^ of the same metal, which oxide you 
must prepai'e. 

{FeTTOtn sulphate cryitalt.) 

XIV. Given a salt A and an oxide B. What changes 
occur when each is heated 1 Compare the results obtained 
*itli the action of heat on the oxide C. 

From an aqueous solution of A prepare the same body as 
Insults from the action of heat on A. 

{X=Pota»»ijaji chlorate; S = Merc-urie oxide ; C^Lilharge.) 

XV. Given potassium dichromate. Prepare from it, 
(IJ a solution containing a salt of chromium ; 
(2) a specimen of pure chromic hydrate ; 
{3) a specimen of chromic anhydride. 

Prepare potassium dichromate from a portion of the chromic 
"'rate made in {'2). 
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XVI. Given manganese sulphate. Prepare therefrom a 
solution of potassium manganate ; transform this solution 
into one of potassium permanganate, and from this solution 
pass back again to manganese sulphate. 

Prove that an acidulated solution of potassium perman- 
ganate oxidises ferrous to ferric salts, and oxalic acid to 
carbon dioxide. 

XVII. Given two oxides, A and B, of the same metal. 
Prove distinctly and conclusively, (1) that A is an acidic 
oxide but that B is not acidic ; (2) that A reacts with 
hydrochloric acid to form a salt ; (3) that B also reacts with 
the same aci^ to form a salt. 

Determine by experiment what body is produced during 
the reaction of A with hydrochloric acid that is not produced 
when B reacts with the same acid. 

From A prepare B; and from B prepare the potassium 
salt of the acid corresponding to A 

(A = Chromic anhydride ; B = Chromic oxide j CrgOg.) 

XVIII. Given an acid in aqueous solution. Prove experi- 
mentally that it is monobasic. [At a red heat this acid is 
completely volatilised but its potassium salt is unchanged.] 

{Hydrochloric acid.) 

XIX. Given solutions of sulphuric acid and barium chlo- 
ride of stated strengths. Prove that the equation 

BaCl,Aq + H,SO,Aq = BaSO, + 2HClAq 

accurately represents the mutual reaction of these two bodies. 

XX. Given phosphorus pentoxide. From it make 
(1) a solution of metaphosphoric acid ; 

and (2) a solution of orthophosphoric acid ; 
recognising each acid by the usual tests. 

From the orthophosphoric acid obtained prepare the sal^ 
disodic orthophosphate, and from this prepare a solution of 
pyrophosphoric acid. 

XXI. Prepare oxygen, nitrous oxide, and nitric oxide > 
and distinguish these three gases by as many tests as possible* 

XXII. From copper sulphate prepare the two oxides d 
copper. Prepare also the two chlorides of copper, corresponding 
in composition to the two oxides. 




f OUTLINES OF SUGGESTED EXPERIMENTS ON PART I. 
(more difficult than those in Appendix I.). 

I. A and B are aqueous solutions of salts which readily 
give up oxygen. Find the oxidising power of A ; that of B 
being unity. 

{&. = Solutiono/ polaiaiiim dichromatei 'B — Solution of potiuiiium per- 
vumgaiiati.) 

IT. You are given solutions of barium chloride and 
ammonium oxalate of stated strengths. Determine the in- 
fluence which variation of temperature exerts on the amount 
of chemical change which takes place in live minutes, when 
the solutions are so mixed that molecular proportions of the 
two salts interact. 

IIT. Determine the equivalents of the three metals A, B, 
and C, by finding the mass of hydrogen produced by the 
reaction between a weighed mass of each of the elements and 
excess of hydrochloric acid. 

{Magnetium; Aluminiion; Zinc.) 

TV. Determine the number of c.c, of each of the three 
aqueous solutions of acids given which contain masses of the 
acids that are equivalent as regards their reactions with an 

{Sulphuric acid; Nitric aeid ; Phosphoric acid.) 

f V, Prove by at least three roughly quantitative experi- 
Vts that iron is an element and not a compound. 
Ij Prove that copper oxide is a compoxmi. 
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State the assumptions made in the reasoning based on the 
results of your experiments. 

VI. From metallic iron prepare crystals of pure ferrous 
sulphate. Convert these crystals into the higher sulphate, and 
determine by quantitative experiments the chemical change 
which occurs. 

VII. Given two metallic oxides, A and B. (1) Determine 
of what metals they are oxides. (2) Classify each as salt- 
forming, acid-forming, or peroxide. (3) From each prepare an 
aqueous solution of a salt of potassium in which the metal of 
the given oxide forms a portion of the non-metallic or acidic 
radicle ; then act on the solution thus prepared from the 
oxide A with carbon dioxide, and on the solution prepared 
from the oxide B with dilute sulphuric acid, and evaporate these 
solutions to their crystallising points. What salts are thus 
obtained? Examine the reaction of each of these salts with 
easily oxidised bodies such as oxalic acid, and ferrous sulphate 
in presence of sulphuric acid. 

(A = Manganese dioxide ; B = Chromic oxide CrgOg.) 

VIII. Given sulphur; prepare a solution containing '005 
gram sulphuric acid per c.c. 

IX. Given mercury, zinc, and copper. Prepare as many 
oxides and chlorides as you can from each of these three 
elements. From the number of oxides in each case, their 
compositions, and the action of heat on the several oxides, as 
well as from the properties of the chlorides corresponding to 
these oxides, determine whether the three metals, mercury, 
zinc, and copper, ought to be placed in the same class. 

X. Expired air is said to contain about four per cent, 
more carbon dioxide, and four per cent, less oxygen, than 
inspired air. Put this statement to experimental test. 

XI. Find quantitatively what relations exist between the 
atomic weights of calcium, strontium, and barium, and the 
stabilities of the carbonates of these metals with respect to 
heat. 

XII. "Chemical equations, though right enough as such, 
as theories of the processes of titration are only approximately 
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correct." Experimentally support this statement by determin- 
ing iron in a solution of ferric chloride, (1) with thiosulphate of 
sodium standardised against pure iodine, (2) with thiosulphate 
of sodium standardised against iodine Uberated in the cold 
from an acid solution of a known mass of potassium 
dichromate to which excess of potassium iodide has been 
added. 

XIII. Prove that air is a mixture and not a compound 
of oxygen and nitrogen. This will involve, (1) the proof 
that oxygen and nitrogen are not present in air in atomic 
proportions ; (2) the proof that when oxygen and nitrogen are 
mixed in the proportion in which they exist in air there is no 
evidence of chemical change, but that nevertheless the mixture 
has the properties of air; (3) the proof that "air" dissolved by 
water has a different composition from that of the air merely 
in contact with the water; (4) the proof that nitrogen and 
oxygen in air can be partially separated by atmolysis. 

XIV. Determine the coefficient of solubility of sulphur- 
etted hydrogen in water. 



APPENDIX III. 

TABLES WHICH MAY BE USED AS GUIDES IN EASY 

QUALITATIVE ANALYSES. 

A. Detection of commonly occurring metals when not more 
tJmn one ia present in amy group, 

I. Test for an ammonium salt by boiling a portion of 
original with excess of potash and examine gas for ammxmia. 

IT. Group I. To original solution add a little hydro- 
chloric acid (if no pp. forms Group I. is absent): — 

Pp. forms ; add more HGlAq 



Pp. diHBolvoB, 

probably 

a Halt of 

Ab or Sb. 



Pp. docs not dissolve ; add mMch cold water 



Pp. dissolves, 

robably 

a or Sr, 

as chlorides. 



Pp. does not dissolve ; hoil with much water 



Pp. dissolves, 
Pb(PbCl2).* 



Pp. does not dissolve; add ammonia 



Pp. dissolves, 
Ag(AgCl). 



Pp. is 

blackened, 

Hg<H»(HgCl). 



Pp.is un- 
changed, 
SiO,. 



III. Group II. Into filtrate from Gr. L, or into original 
liquid (acidulated by HCl) if Gr. I. is absent, pass sulphuretted 

* The formulae in brackets shew the compositions of the pps. ; thus 
if lead were present the pp. produced by HGlAq. would be PbCL, this salt 
J8 soluble in boiling water. 
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hydrogen till liquid smells strongly of this gas; then, if pp. 
forms, warm, dilute, warm again and filter ; boil filtrate and 
saturate it with H^S gas; collect any pp. which forms on 
same filter as before ; again boil filtrate and pass in H^S ; 
and repeat this treatment until HJS ceases to produce a/ny 
change in the Jlltrate, Wash pp. thoroughly : — 

(a) Pp. produced by HS is black or dark brown 
(HgS, CuS, PbS, SnS, or £1,83) ; 

Digest pp. with warm yellow ammonium sulphide 



Pp. dissolves, 
Sn<»»». 



Pp. does not dissolve ; wash pp. and warm it with 

dilute nitric acid 



Pp. does not 
dissolve, 



Pp. dissolves ; boil liquid till HgS is 
removed, and then add alcohol and dilute 
sulphuric acid 



White pp., 
Pb(PbS04). 



No pp. ; add excess of ammxmia 



White pp., 
Bi(Bi08H3). 



Blue liquid, 
Cu. 



{b) Pp. produced by H^S is yellow (CdS, As,S3, or SnS^) ; 



Digest pp. with warm yellow aminonium sulphide 



Pp. dissolves, shews As or Sn^°; 

warm another part of pp. by 

HgS with concentrated 

solution of ammonium carbonate 



Pp. dissolves. 
As. 



Pp. does not 
dissolve, Sn**'. 



Pp. does not dissolve, 
Cd. 



(c) Pp. produced by H S is orange-red (Sb^Sg), 

Sb. 



Confirm by proving pp. to be soluble in warm (NH4)2SjAq. 
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IV. Group III. Boil filtrate from Gr. II., after adding a 
little HNO Aq, till liquid no longer smells of H^S ; add a little 
more HNOgAq and boil again*, then add a considerable 
quantity of ammonin/m chloride and then a/mrnonia in very 
slight excess \ : — 



White pp.; add more NHgAq 



Pp. dis- 
solves, 

probably 

Zn(8.next 

table) 



Pp. does not dissolve ; add 
potash 



Pp. dissolves, 
AlCALjOeHe). 



Brown pp. 


Pale green- 
ish white 


Black pp. 


Fe(Fe20eH«). 


pp. 


Shews that 
H^S was not 




Cr(CrjO«He) 


completely 




gives green 


removed be- 




colour in 


fore adding 




borax bead. 


NHjAq. 



Pp. does not 

dissolve, phos 

phate or oxalate 

of alkaline 
earth [or per- 
haps silica] 
(«. App. to this 
table). 

Appendix to Group III. : to test /or an alkaline phosphate or 
oxalate : — 

(a) Test original for, (1) phosphoric acid by ammo- 
nium molybdate test; (2) oxalic acid by calcitim% chloride 
test, after boiling with large excess of solid sodiu/m ca/rbonate 
for some time, to remove metals as carbonates, filtering, and 
acidulating filtrate with acetic acid (s. Table for detection oj 
Ojcids). 

(b) Test a portion of filtrate from Gr. II. for barium 
and strontium by calcium sulphate test; if these metals are 
absent, test another portion of same liquid for calcium by 
sulphuric a^cid and alcohol test (s. Table for Gr. F.). If none 
of these metals is found, fuse a portion of original solid with 
NagCOg, boil fused mass in water, filter, wash residue on filter 
3 or 4 times with warm water, then dissolve residue in HClAq, 
add excess of NH^ClAq and NHgAq, (filtering if pp. forms) 

* The reasons for this treatment are, (1) to remove HgS ; (2) to oxidise 
iron salts from ferrous to ferric, the treatment with H^S in pptg. Gr. H. 
reduces ferric to ferrous salts. 

t Should HCl and H^S have produced neither a pp. nor a change of 
colour, it is better to add NH4ClAq and NHgAq to a portion of the origi- 
nal liquid to yvhich the reagents fox Oxa. 1. ound. U.. lA&^e not been added. 



and t«st for magi 
ifor Gr. VI.). 
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by sodium, phosphate test* (s. Tabk 



V. Gboup IV. To filtrate from Gr. III. add a few drops 

1 sulphide : — 



hite pp. appearing 

greenish in the 

jellow liquid, 

Zn(Zn8). 



InBooloaredpp.. 

Mn(MnS) 

givBB amethj'Ht 

colour in borax 

bead, O. F. 



lack pp. (NiS or CoS) ; tvaali 

nd eiamine in borax bead 

in 0. F. 



e bead, Beddiah bead, 



VI. Gbodp V. To filtrate from Gr. IV. add a 

carbonate, collect pp., waBh it, disBolve in HClAq, and divide 
liquid into two parts : — 



.WMteiip. [orma 



If Ba and St are absent, I 

other part add di'lvle sulphtiri 

acid and alcoliol 



Sr(8r80J. 
VII. Gboup VI. Divide filtrate from Gr. V. into two 



le part add sodium 
phoipkate: 
wbile pp. forms alowly, 
Mg(Ue.NH4.P0J. 



Evaporate cither portion jns 
bring a little of the residne 
a Uutuen-fiame 



Flama is coloured pale 
violet visible through 
blue glass, 
K. 

Confirm by dissolving some 
of residue in a very little 
water, adding cone, solu- 
tion of sodium -hydrogen 
tartrate and birring : 
white pp. of KHCjH^O, 



Flame is coloured 
deep yellow, 
nearly invisible 

through blue glass, 
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B. Detection of commonly occwrring acids when not more 
them one is present in cmy group*, 

I. Test for nitric acid by ferrous sulphate test («. 
Pa/rt /. Cliap. VIL Exp. 4). 

II. Group L To original solid (if liquid is given 
evaporate to dryness on steam-bath) add concentrated sul- 
phuric add : — 



Colonrlesfi non-inflam- 
mable gas (CO.) e- 
volved; gas produces 
white pp. in lime 
water, 

H2CO3. 



Coloorless strongly 
faming gas evolved, 

probably HCl 
(confirm; «. Gr, IV.) 



Coloorless badly-smell- 
ing gas evolved, and 
generally white solid 
(S) deposited, 

(confirm; s. Gr. UT.) 



If no reaction occurs with sulphuric acid in the cold, then 
heat : — 



Inflammable gas (CO) evolved 



No colour 
change, 
HsGs04 

(coimnn ; s. 
Or. 11.) 



Colour changes 
from yellow or red 

to greenish blue, 
H4FeCyeorH8PeCy« 
(confirm ; #. Chr. III.) 



Brown to red 

evolved 

NOj or Bri 

NOs or HBr 

(confinn; s.Gr. 

IV. also s. I. 

above.) 



Reddish gas 

(HI and I) 

evolved, and 

violet solid (I) 

formed. 

HI 
(confirm ; 
#. Gr. III.) 



Gas (SO2) smelling of burning S snd 
turning KsCrjOrAq greenish 



With deposition 
of yellow S, 



Without depo- 
sition of S, 
HjSO,. 



To prepa/re the solution for the remaining groups, add a 
large excess of solid sodiwrn carbonate to the original liquid, 
or if original is a solid add Na^CO and a little water t; boil 
for 5 — 10 mins., filter off the pp. 01 metallic carbonates, just 
acidify the filtrate by adding dilute nitric acid, boil, and 
filter again if necessary. The solution should now be neutral; 
if not, make it so by very cautious addition of very dilute 
ammonia. 

III. Group II. To a portion of the neutral liquid add 
barium nitrate solution ; if a white pp. forms add to it dilute 
nitric add: — 

* Chromic, arsenic, and arsenions, acids, if present, will have been 
detected in testing for metals. 

t If the addition of excess of Na^COgAq to a little of the original 
liquid produces no pp. the treatment with NagCO^ described above is 
unnecessary; the liquid must however he neutral before examining for 
Grs. II. and III. 
Treatment with NagCOj removes inet«2^,^^MAi'^w3\i\S»\fittet^'mt^ 
Babaequent testa for acids, by pptg. tliecti «» catXiotvaKft^*, ^Qaa ^\it^\fc 
contains sodium salts of the acidB. 
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Pp. ia imdia- 


Pp. disBolveB 




solved. 


witheffer- 


■ 








or only partly 


,^a, 


To aiiginol liquid ndd calcium chloritU and V 


avolation of 

8O5, 

HjSO, cootoia- 

(«Zp. Gr. i.) 




1 




White pp. 








(CaO,0.) 


part of original 


acid absent; « 




BhewB 


liquid add escasa 


onnH.or nnrt 4^B 






H,C,0.. 


of hydrochlork 
nciii, soak pleco of 
lurtneric paper in 
liqoid for some 
time and dry it; 

leddisli, shews 


ori^mul liqu^H 
add nitric <u^H 

pp. 'ahewB ^1 


IV. C 


KOUP III, 


To a port 


ion o£ the neutral liquid add ^ 



neutral/erne chloride solution ;- 



,!» 




"li' 


dctp claret; aaa hj/tfrwftlorlc iktW 


ll,PeCy» 


Colour i> 
removed and 


CdIqut roouUng unchaocod 1 lo oiix. Itriuid add 
tro!hLjprupBrad/oToi«.nIp*ole.DLuHdii 




"'fb.cU.,!' 


HjPeCy, 


sSSSSS 




ni. HCN8. 



V. Group IV. To two or three drops (not more) of 1 
M&er itiiraie solution in a very clean test tube add a drop o 
two of the original liquid ;— 



Wbite pp. forms, but dissolves 
on adding more of original 

EON(pp. = AgCN). 



White to yellow -whiti! pp. fonuB and 
does not disflotve on adding more of 
original liquid: — 

To original liqnid add carbon ditvlphidt 
and a little ehlorine wafer and a'""'"" 



APPENDIX IV. 



NUMERICAL TABLES. 



I. Atomic tueights of the Elements, 



Element 



At, Wt, Element 



At. Wt, 



Element 



At, Wt. 



AliiTnininTn 


27 02 


Hydrogen 


1 


Kuthenium 


104-4 


Antimony 


120 


Indium 


113-4 


Scandium 


44 


Arsenic 


74-9 


Iodine 


126-53 


Selenion 


78-8 


Barinm 


136-8 


Iridium 


192-5 


Silicon 


28-3 


Beryllium 


9-08 


Iron 


55-9 


Silver 


107-66 


Bismuth 


208 


Lanthanum 


138-5 


Sodium 


23 


Boron 


10-9 


Lead 


206-4 


Strontium 


87-3 


Bromine 


79-76 


Lithium 


7-01 


Sulphur 


31-98 


Cadmium 


112 


Magnesium 


24 


Tantalum 


182 


Caesium 


132-7 


Manganese 


55 


Tellurium 


125 


Calcium 


39-9 


Mercury 


199-8 


Thallium 


203-64 


Carbon 


11-97 


Molybdenum 


95-8 


Thorium 


231-8 


Cerium 


139-9 


Nickel 


58-6 


Tin 


117-8 


Chlorine 


35-37 


Niobium 


94 


Titanium 


48 


Chromium 


52-4 


Nitrogen 


14-01 


Tungsten 


183-6 


Cobalt 


59 


Osmium 


'm 


Uranium 


240 


Copper 


63-2 


Oxygen 


Vanadium 


51-2 


Didymium 


144 


PaUadium 


106-2 


Ytterbium 


173 


Erbium 


166 


Phosphorus 


30-96 


Yttrium 


89-6 


Fluorine 


19 1 


Platinum 


194-3 


Zinc 


64-9 


Gallium 


69 


Potassium 


39-04 


Zirconium 


90 


Germanium 


72-3 


Bhodium 


104 






Gold 


197 


Bubidium 


85-2 







II. Equivalence bettueen English and Metric weights omd 

measures. 



1 Kilometre 

1 Metre 

* '~ '•aetre 



0-6214 Mile. 
3-2809 ¥eet. 
0-39S7 Inoh. 



Logarithms. 



Ar. Ck>. Log. 
0-2066 188 





^ 
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w-u„ «,.».... 1 


3 Cubic Metre 


= 30-31660 Cubic Feet. 1-5479 790 8-4520 210 ■ 


a Oubio Deoimette = 61-02709 Cubin Inchaa. l-7Hfi5 22H 8-3144 774 ■ 


.1 Cubio Oentimetre = 0-0til()3 „ 


8-7866 226 1-3144 774 ■ 


1 Litre 


= 0-23017 GaUon. 


9-3427 681 0-6672 419 ■ 


.% Litre 


= 0-88066 Qnart 


9-9448 083 0-0561 917 ■ 


1 Litre 


- 1-76133 Pints. 


0-3468 407 9-7541 693 ■ 


IKUogram = 


2-20463 Pounds AToirdupoiB. 0-3433 337 9-65Sfi 663 ■ 


:i 


2-67923 „ Trey. 


0-4280 083 9-6719 917 ■ 


;i Gram = 15-43235 Graina. ' 


1-1684 321 8-8116 679 ■ 


H. Sjiec. gravities and compoxili 






A(^d», Alkalis, and AIcoImI. 




o™„^.,. 


g™.. 


NO, in 


„™.c„. 




&a. 


100 PIL 

100 


100 CO, 

184-2 


- 


100 gn,. 


™.. 


■■"■ 


100 gm. 


100 fic 




1-842 


1-530 


U9-B4 


152-75 


1-212 


43-9 


52-0 


1-796 


86-S 


166-4 


1-529 


99-52 


153-3 


1-210 


43-4 


61-3 




1-7B3 


81-7 


143-3 


1-514 


95-27 


144-3 


1-305 


41-2 


49-6 




1-711 


7S-1 


1336 


1-506 


93-01 


139-1 


1-199 


398 


47-7 




1-673 


74-7 


124-8 


1-494 


89-56 


133-8 


1-195 


390 


46-6 




1684 


71-6 


1170 


1-486 


87-45 


129-9 


1-liJO 


37-0 


46-0 




1-597 


68-0 


I09'6 


1-482 


86-17 


127-7 


1-185 


36-8 


43-6 




1-563 


65-5 


102-4 


1-463 


80-96 




1-180 


35-7 


421 




1-530 


63-6 


95-1! 


1-438 


7401 


106-4 


1-175 


34-7 


40-8 




1-498 


69-6 


89-3 


1-432 


73-a9 


103-7 


1-171 


33-9 


89-7 




1-468 


66-9 


83-6 


1-439 


71-24 


101-8 


1-166 


33-0 


88-6 




1-438 


54-0 


77-7 


1-419 


69-20 


9B-2 


1-161 


32-0 


37-2 




1-410 


51-2 


72-2 


1-400 


65-07 


91-1 


1157 


81-2 


36-1 




1-883 


48-3 


66-8 


1-381 


61-31 


84-6 


1-153 


30-2 


34-8 




1-867 


46-6 


61-7 


1-372 


59-59 


81-8 


1-113 




92-5 






430 


57-3 


1-353 


56-10 


76-0 


1-134 


26-6 


28-8 




1-308 


40-2 




1-331 


62-33 


69-6 


1126 




27-9 




1-286 


37-4 


48-1 


1-333 


50-99 


67-5 


1-116 


23-1 


25-8 




1-368 


34-7 


43-8 


1-398 


47-18 


61-3 


1-108 


21-5 


23-8 




1-841 


32-2 


40-0 


1-274 


43-53 


65-5 


1-100 


199 


21-9 




1-920 


29-6 


36-1 


1-237 


37-95 


46-9 


1-091 


18-1 


19-7 




1-200 


271 


32-6 


1-311 


33-86 


41-0 


1-083 


16-5 


17-9 




1-180 


34-5 




1-173 


2800 




1-075 


16-0 


16-1 




1-162 


22-2 


26-8 


1-157 


26-71 


3B-8 


1-067 


13-4 


14-3 




1-14S 


19-6 


2S-4 


1-105 


17-47 


19-3 


1-060 


13-0 


12-7 




1-12G 


17-8 


19-5 


1-067 


11-41 


12-2 


1-052 


10-4 


10-6 




I'loa 


152 


16-8 


1045 


7-73 


81 


1-044 


8-9 


9-3 




lOBl 


130 


14-2 








1-036 


7-3 


7-6 




1-076 


10-8 


11-6 










5-8 


6-0 




1-060 


8-8 


9-3 








1-*J2 


4-S 


4.-^ 




liHS 


6-8 


7-1 






\ Wx^-'x-xj 


^^■■iM^^^^^^fl 
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KOUin 



S.G. 


100 Km. 


1-790 


70 


1-729 


66 


1-667 


60 


1-604 


55 


1-539 


50 


1-475 


45 


1-412 


40 


1-349 


35 


1-288 


30 


1-230 


25 


1-177 


20 


1128 


15 


1-083 


10 


1041 


5 



S.G. 


1 
100 gm. 


8844 


36 


8885 


34 


8929 


32 


8976 


30 


9026 


28 


9078 


26 


9133 


24 


9191 


22 


9251 


20 


9314 


18 


9380 


16 


9449 


14 


•9520 


12 


9593 


10 



lOOcc. 



125-30 

112-38 

100-02 

88-22 

76-95 

66-38 

56-44 

47-21 

38-64 

30-75 

23-50 

16-86 

10-77 

5-18 



Nils at 14° C. in 



100 c& 



31-84 
30-21 
28-57 
26-93 
25-27 
23-60 
21-92 
20-22 
18-50 
16-77 
14-91 
13-23 
11-42 
9-59 



NaOUin 



S.G. 



1-748 
1-695 
1-643 
1-591 
1-540 
1-488 
1-437 
1-384 
1-332 
1-279 
1-225 
1-170 
1-115 
1-059 



100 gm. 



70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 



lOOcc. 



122-36 
110-18 
98-58 
87-51 
77-00 
66-96 
57-48 
48-44 
39-96 
31-97 
24-50 
17-55 
11-15 
5-29 



Alooliolin 



S.G. 




atlS-C. 


100 gm. 


-7947 


100 


-8093 


96 


-8232 


90 


-8363 


85 


-8488 


80 


-8610 


75 


-8729 


70 


-8847 


66 


-8963 


60 


-9077 


66 


-9188 


60 


•9200* 


49-24 


•9296 


46 


-9398 


40 


-9493 


36 


•9578 


30 


-9660 


25 


-9718 


20 


•9775 


16 


•9840 


10 


•9912 


6 



100 cc. 



79-47 
76-88 
74-09 
71-08 
67-90 
64-68 
61-10 
67-61 
63-78 
49-92 
46-94 
46-30 
41-83 
37-69 
33-23 
28-73 
24-12 
19-44 
14-66 
9-84 
4-96 



To obtain Vo alcohol 
by Yolume mnltiply the 
numbers in the last 
column by 1-2583. 

* "proof spirit." 

(Water at 160 C. = l.) 





Practical Ckemutry.) 

Ui^ of the (normal) oompound of the two 

pMta). 
. at xiu regl». 
tOMo Mid, or aqua ngia,. 
Itiio aeU, and aqna regla. 








1 


I 


■w 

A 

(w) 

■w 
<w) 

(w) 

w 

(w) 


i 
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V. Pressure of Aqueous Vapour in mm. of mercury. 



re. 


mm. 


re. 


mm. 


re. 


mm. 


re. 


Atmos. 


-10 


2-08 


16 


13-54 


90 


525-39 


100 


1-0 


-9 


2-26 


17 


14-42 


95 


633-69 


110 


1-4 


-8 


2-46 


18 


15-36 


99 


733-21 


120 


1-96 


-7 


2-67 


19 


16-35 


99-1 


735-85 


130 


2-67 


-6 


2-89 


20 


17-39 


99-2 


738-50 


140 


3-67 


-6 


313 


21 


18-50 


99-3 


741-16 


150 


4-7 


-4 


3-39 


22 


19-66 


99-4 


743-83 


160 


6-1 


-3 


3-66 


23 


20-89 


99-5 


746-50 


170 


7-8 


-2 


3-96 


24 


22-18 


99-6 


749-18 


180 


9-9 


-1 


4-27 


25 


23-55 


99-7 


751-87 


190 


12-4 





4-60 


26 


24-99 


99-8 


754-57 


200 


15-4 


1 


4-94 


27 


26-61 


99-9 


767-28 


210 


18-8 


2 


5-30 


28 


2810 


100 


76000 


220 


22-9 


3 


6-69 


29 


29-78 


100-1 


762-73 


230 


27-5 


4 


6-10 


30 


31-55 


100-2 


765-46 






5 


6-63 


35 


41-83 


100-3 


768-20 






6 


7-00 


40 


54-91 


100-4 


771-95 






7 


7-49 


45 


71-39 


100-5 


773-71 






8 


8-02 


60 


91-98 


100-6 


776-48 






9 


8-67 


55 


117-48 


100-7 


779-26 






10 


9-17 


60 


148-79 


100-8 


782-04 






11 


9-79 


65 


186-94 


100-9 


784-83 






12 


10-46 


70 


23308 


101 


787-59 






13 


11-16 


75 


288-50 


105 


906-41 






14 


11-91 


80 


354-62 


110 


1075-37 






15 


12-70 


85 


43300 
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VI. Volume and Specific gravity of Water at different 

temperatv/rea (Kopp). 





Volume of 


8p. Gr. of 


Volume of 


Sp. Gr. of 


Temp. 


water 


water 


water 


water 


•c. 


(atO°=l). 


(atO''=l). 


(at 4°=!). 


(at4»=l). 
0-999877 





100000 


1-000000 


100012 


1 


0-99995 


1-000053 


1-00007 


0-999930 


2 


0-99991 


1-000092 


100003 


0-999969 


3 


0-99989 


1000115 


1-00001 


0-999992 


4 


0-99988 


1-000123 
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1-000000 


5 
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1-000117 


1-00001 


0-999994 


6 


0-99990 


1-000097 


1-00003 


0-999973 
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1-000062 


1-00006 


0-999939 
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0-99999 


1-000014 
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0-999890 


9 
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0-999952 


1-00017 


0-999829 


10 
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0-999876 


1-00025 


0-999753 


11 


1-00021 


0-999785 


1-00034 


0-999664 


12 


1-00031 


0-999686 


1-00044 


0-999562 


13 


1-00043 


0-999672 


1-00055 


0-999449 


14 


1-00056 


0-999445 


1-00068 


0-999332 


15 


1-00070 


0-999306 


1-00082 


0-999183 


16 


1-00085 


0-999155 


1-00097 


0-999032 


17 


1-00101 


0-998992 


1-00113 


0-998869 


18 


1-00118 


0-998817 


1-00131 


0-998695 


19 


1-00137 


0-998631 


1-00149 


0-998609 


20 


1-00167 


0-998435 


1-00169 


0-998312 


21 


1-00178 


0-998228 


1-00190 


0-998104 


22 


1-00200 


0-998010 


1-00212 


0-997886 


23 


100223 


0-997780 


1-00235 


0-997657 


24 


1-00247 


0-997641 


1-00259 


0-997419 


26 


1-00271 


0-997293 


1-00284 


0-997170 


26 


1-00295 


0-997035 


1-00310 


0-996912 


27 


1-00319 


0-996767 


1-00337 


0-996644 


28 


1-00347 


0-996489 


1-00365 


0-996367 


29 


100376 


0-996202 


1-00393 


0-996082 


30 


1-00406 


0-996908 


1-00423 


0-995787 


40 


1-00753 








60 


1-01177 








60 


1-01696 








70 


1-02226 








80 


1-02868 








90 


1-03540 








100 


1-04299 
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P VII. For 11^ cahi^OMiun of 1 + -OOSGTi. H 


If Fis the volume, and d is the specifi 


B gravity, of a gas at ■ 


f and 6 mm. mercu 


y, then the vohune at 0° and 760 nam. = P. ■ 


and the specific gra 


vity = <i°; and 


■ 


r 


h 


H 


y=- 






^^;<f.^(H-003C70x-^. g 




+ -ooaeTJ " T 


^ 


»- 


L=g. 


e 


N.». 


Log. 


'' 


Norn. 


- I 


-a-o 


0-99268 


9-99681 


+ 12-5 


104573 


0-0194B 


+ 26-6 


109699 


0-04021 m 


1-5 


0-99451 


9-99761 


13-0 


1-04758 


0-02019 


37-0 


109882 


004093 


l-Q 


0-99634 


9-99841 


13-5 


1-04941 


0-02095 


27-5 


1-10065 


0-04166 


0-5 


0-99817 


9-99920 


14-0 


1-05124 


0-02170 


28-0 


1-10248 


0-04237 


0-0 


1-00000 


0-00000 


14-6 


1-05307 


0-02246 




1-10431 


O-O4309 


+0-S 


1-00188 


0-00079 


150 


105490 


0-02321 


39-0 


110614 


0-04381 _ 


1-0 


l-(M)3ti6 


0-00139 


15-5 


105673 


0-02396 


39-5 


1-10797 


0-04453 M 


1-5 


1-00549 


O-O023H 


16-0 


1-0585G 


0-03471 


30-0 


1-10980 


0-04534 ■ 


80 


1-00732 


000347 


16-5 


1-06039 


002546 


30-6 


1-11163 


0-04595 ■ 


2-6 


1'00915 


0-00397 


17-0 


1-06222 


0-03621 


31-0 


1-11346 


0-04667 ^ 


3'0 


1-01098 


0-00474 


17-6 


1-06405 


002696 


31-5 


1-11539 


0-04738 


3-6 


1-01281 


0-00563 


18-0 


106588 


0-02771 


33-0 


1-11713 


0-04810 


*-0 


1-014B4 


0-00631 


18-5 


1-06771 


0-02846 


32-5 


1-11895 


0-04881 


4-5 


1-01G47 


0-O0710 


19-0 


1-06954 


0-03921 


33-0 


1-12078 


0-04952 


S'O 


1-01830 


0-007S8 


19-5 


1-07137 


0-02995 




1-12261 


0-06022 


6-5 


1-03013 


0-00865 


20-0 


1-07320 


0-03068 


34-0 


112444 


0-05094 


6-0 


1-02196 


0-00943 


20-5 


1-07603 


0-03142 


34-5 


112627 


005164 


S'S 


1-02379 


0-01022 


21-0 


1-07086 


0-03216 


35-0 


1-13810 


0-06285 


7-0 


1-02562 


0-01099 


21-S 


1-07869 


0-03290 


35-5 


1-13993 


0-05805 


7-S 


1-02745 


0-01177 


23-0 


1-08052 


0-03363 


36-0 


1-13176 


0-05376 H 


8-0 


1-02928 


0-01253 


22-5 


1-08235 


0-03437 


36-5 


1-13359 


005446 M 


8-6 


1-03111 


0-01330 


23-0 


1-08418 


0-03510 


37-0 


1-13642 


0-05616 ■ 


B-0 


1-03294 


0-01407 


23-5 


1-08601 


0-03583 


37-6 


1-13725 


0-05586 ■ 


9-6 


1-03477 


0-01484 


24-0 


1-08784 


0-03656 




1-13908 


0-05656 ■ 


lO-O 


1-03660 


0-01561 


24-5 


108967 


0-03739 


38-5 


1-14901 


0-05735 ■ 


10-fi 


1-03843 


0-01639 


25-0 


1-09150 


0-03802 


39-0 


1-14274 


0-06795 ■ 


11-0 


1-0*026 


0-01714 


25-5 


1-09333 


0-03875 


39-5 


1-14467 


0-06864 ■ 


11-6 


1-04209 


0-01790 


260 1 1-09516 


003948 


400 


1-14640 


0-05933 H 


13-0 


1-04392 


0-01867 


1 
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VIII. For the calculation of log 



•001293 



(1 + OOSGT^) 760 



= log a. 



r 


log. a 


r 


log. a 


r 


log. a 


r 


log. a 


r 


-6 


6-23889 


5 


6-222955 


15 


6-207579 


25 


6192728 


35 


-4 


23727 


6 


221392 


16 


206071 


26 


191271 


36 


-3 


23566 


7 


219835 


17 


204568 


27 


189818 


37 


-2 


23405 


8 


218284 


18 


203070 


28 


188371 


38 


-1 


23245 


9 


216739 


19 


201577 


29 


186928 


39 





230852 


10 


215199 


20 


200090 


30 


185490 


40 


+ 1 


229261 


11 


213664 


21 


198608 


31 


184056 


41 


2 


227666 


12 


212135 


22 


197130 


32 


182927 


42 


3 


226069 


13 


210611 


23 


195658 


33 


181203 


43 


4 


224523 


14 


209092 


24 


194191 


34 


179784 


44- 



log. a 



6-178369 
176959 
175554 
174163 
172756 
171364 
169976 
168593 
167214 
165840 



IX. Weight in gra/nis of 1 litre of 'oa/riovs gases at 0® and 

760 mm. 





Weight in grams 




Waght in grams 


Gas. 


of 1 litre. 


Gas. 


of 1 litre. 





1-430 


NOj 


2-06 


H 


0-08958 


SO2 


2-87 


N 


1-256 


CO 


1-254 


01 


3-18 


CO2 
CLO 


1-9774 


Br 


7-16 


3-90 


I 


11-3 


COCL 


4-43 


Hg 


8-9 


CH3CI 


2-261 


HCl 


1-635 


cXci 


2-889 


HBr 


3-63 


BCI3 


5-26 


HI 


5-73 


BF3 


3-05 


HF 


0-896 


SiF. 


4-66 


HgS 


1-523 


CH4 


0-716 


HaSe 


3-63 


^2^6 


1-343 


H3N 


0-761 


C.H* 


1-254 


H3P 


1-523 


C2H2 


1165 


H.A8 


3-49 


C2N2 


2-330 


N2O 


1-977 


CNH 


1-210 


NO 


1-343 


CNCl 


2-756 


NA 


412 


H2O 


0-806 
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Acetic add, constitution of, 186 
„ reacting weight of, 185 

„ strength of, 105 

Addic oxides, 32 
Add radide, 87, 41 
Adds, 32 

„ affinities of, 102 
„ classiftcation of, 41, 102 
„ reactions with salts, 53 
„ relations to salts, 86 
„ tables for detection of, 204 
Add salts, 46 
AflBnities of adds, 102 

„ determined chemically, 179 

„ „ thermally, 176 

„ „ Yolumetrically, 181 

Albumen, as reagent, 80, 105 
Alcohol, constitution of, 185 
„ purification of, 124 
„ sp. gr. of Tiqjour of; 124 
Alddiyde, preparation of, 87 
M constitution of, 186 
Alkalis, 82, 87, 49, 51 
Alkaline hydroxides, 37, 49 
Allotropy, 146 

Aluminium, equivalent of, 114 
Ammonia, combustion of, 70 
„ preparation of, 68 
„ properties of, 69 
„ reaction of, with GOg, 173 
Ammonium carl)amate, dissociation of, 173 
„ hydration of, 98, 145 
„ preparation of, 70, 173 
carbons^, action on calcium 

salts, 95 
chloride, dissociation of, 133 
„ purification, 166 
„ reaction with caldum 

oxide, 68 
„ sp. gr. of vapour from, 
1S2 



n 
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Ammonium, molybdate, use as a reagent, 
81 
„ nitrate, action of heat on, 108 

oxalate, use as a reagent, 46 
sulphite, preparation of, 165 
thio-arsenite and thio-antimo- 
nite,82 
Amylic bromide, dissociation of, 184 
AnUine-bath, 124 
Aniline, purification and reacting weight 4>f, 

188 
Anode, 20 
Antimony, bromide 



» 



diloride [ reactions witii water, 62 
iodide ) 
„ hydride, 78 
„ pentoxide, 76 
„ physical properties of, 68 
„ sulphate, preparation of, 76 
„ sulphide, addic nature and pre- 

■ paration of, 81 
„ „ reiM^on with hydro- 

chloric add, 96 
„ tetroxide, 76, 79 
„ trioxide, preparation and pro- 
perties, 76 
Arsenates, test for, 77 
Arsenic, hydride of, 72—78 
„ pliysical properties of, 68 
„ pentoxide, preparation, 77 
„ sulphide, addic nature and prepara- 
tion of, 81 
„ trioxide, preparation, 78, 76 

reaction witii nitric add, 75, 
77 
„ water, 76 

n „ reduction by nascent hydro- 
gen, 72 
Atomic weights, 121, 168 

„ table of, 206 
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Barium carbonate, action of heat on, 153 
„ chloride, reaction with sulphuric 

acid, 58 
„ compounds, test for, 84 
„ hydroxide, action of heat on, 153 
„ „ formation of barium 

nitrate from, 37 
„ „ general properties, 51 

„ „ heat of neutralisation, 154 

„ „ soluUlity of, compared 

with that of potash, 52 
„ nitrate, use as reagent, 28 
„ oxide, action of water on, 153 
„ „ is a basic oxide, 33 

„ „ reacting weight of, 137 

„ sulpliate,formationof,18,28,3S,53,94 
„ „ reaction with sodium car- 

bonate, 34, 154 
„ „ solubility compared with 

sulphates of calcium and 
strontium, 154 
Base, 62 

Basic hydroxides, 52 
„ oxides, 82 
„ salts, 48 
Basicity, 41, 186 
Bismuth, chloride, 48 

„ „ action of water on, 95 

„ nitrate, 76 
„ oxychloride, 48 
„ physical properties of, 68 
„ pentoxide, preparation of, 77 
sulphate, preparation of, 78 
sulphide, preparation of, 81 
„ trioxide is a basic oxide, 48, 76 
Bleaching power of bromine, 63 
„ of chlorine, 62 

Borax, action of sulphuric acid on, 103 
Boric add, action on potassium sulphate, 105 
„ a weak add, 102 
test for, 105 
Bromates, preparation of, 68 

„ decomposition by heat, 64 
Bromides, tests for, 54, 60 
Bromine, preparation, 57, 58 

„ reaction with mercury, 62 
„ „ potash, G^ 63 

Burette, 88 
Butylic alcohol, rate of etherification of, 187 

Cadmium carbonate, preparation and effect 
of heat on, 67 
„ compounds, test for, 66 
„ hydroxide, preparation, 67 
„ oxide, a basic insoluble oxide, 66 
„ „ preparation, 66, 67 

„ physical properties of, 65 
„ sulphate, electrolysis of, 66 



»» 



Cadmium sulphate, preparation, 66 
Caldum carbonate, action of heat on, 153 
» „ formation, 19, 46 

compounds, tost for, 46 
hydroxide, action of heat on, and 
preparation of, 153 
M general properties of, 51 
„ heat of neutralisation, VA 
oxalate, action of hydrochloric add 

on, 180 
oxide, action of water on, 153 
sulphate, preparation and relative 
solubility of, 154 
n „ reaction with sodium car- 

bonate, 154 
Calorimetry, 148, 155, 165, 178 
Cane sugar, inversion of, 103, 168 
Carbolic add, 41 
Carbon, atomic weight of; 180, 131 

„ combustion of, 25 
Carbon dioxide, 

action of, on ammonia, 178 
„ „ litmus, 26 

ty „ lime, 46 

» M potassium acetate (in al- 

cohol), 96 
„ „ sodium carbonate, 42 

M „ sodium silicate, 104 

„ conservation of mass in production of, 16 
„ molecular weight of, 129 
„ preparation of, 4, 19, 90, 97, 128 
„ solubility in potash, 16, 50 
M sp. gr. and composition of, 127 
Carbon disulphide, use as solvent, 11, 60 
„ monoxide, preparation, composition, 
and molecular weight of, 130 
n M reducing action of, 159 

Carbonates, test for, 50 
Carbonic acid, 65 

Chemical change, contrasted witli physical, 1 
„ „ methods of bringing about, 

18, 92, 141 
„ combination, laws of, 107 
„ methods of investigating constitu- 
tion, 185 
Chlorates, preparation, 68 

„ decomposition by heat, 64 
Chlorides, test for, 27 

Chlorine, action on bismuth oxide in alkaline 

solution, 78 
iron, 164 
mercury, 61 
„ potash, 62, 63 
„ sulphur, 111 
atomic weight of, 165 
bleaching power of, 62 
estimation, 164 
preparation, 57, 61, 86 
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Ferric phosphate, 104 

„ sulphate, 37, 48, 120, 161 
„ sulphoqranide, action of maas in for- 
mation of, 95, 141 
„ „ test for ferric com- 

pounds, 86 
„ tetroxide (magnetic oxide) prepara- 
tion, 85 
„ „ reactions with acids, 86 

Ferrous ammonium sulpliate, reacting 
weight of, 139 
„ chloride, preparation, 163 
., hydroxide, 84 
„ sulphide, preparation, 12 
„ sulphate, action of nitric oxide on, 55 
n „ n water (hot and 

cold) on, 92 
„ „ equivalent of, as regards 

oxalic add, 120 
„ oxidation oi; 89, 161 

„ „ preparation, 1, 43, 44, 101, 

161 
„ „ reducing power of, 90 

Filtration, 2 
Flame tests, 31 

Formic add, action of sulphuric acid on, 130 
„ „ mercuric oxide on, 92 

Fractional distillation, 112 

Oases, sp. gravities of, 121 

Gladstone's expts. on mass-action, 141 . 

Glycerin, preparation of, and test for, 50 i 

Hydration, 29 

Hydrobromic add, action of phosphoric acid 

on, 59 
Hydrochloric add, 

action of, on antimony sulphide, 96 
„ „ caldum oxalate, 180 

„ „ magnesium, its oxide and 

carbonate, 36 
„ „ magnetic oxide of iron, 86 

„ „ manganese tetroxide, 86 

„ „ potassium chlorate, 100 

„ affinity of, 180 
„ electrolysis of, 61 
„ strength of, 104 
Hydrogen, conservation of mass in formation 
of, 16 
„ differences between, and oxygen, 

21,25 
„ preparation of, 8, 21, 22, 23, 61 
„ reaction of, with iodine, 172 
Hydrogen bromide, preparation oJ^ 54, 59 

„ properties of, 60 

Hydrogen chloride, preparation of; 53, 58 
Hydrogen, iodide dissociation o^ 170, 171 
„ preparation of, 56, 59 






Hydrogen iodide, pri^iertieB of, 60 
Hydroxides, 37, 49 
Hypobromites, 62 
Hypochlorites, pr^Muration of, 62 

action of, on antimony, 74 
„ arsenic, 73 

„ oxidising action of alkaline 

solutions of; 78, 86 

-ic salts, 45 

Initial velodty of etherification, definition 

of, 186 
Insolubility, influence ot on diemical 

chuiges, 98 
lodates, preparation of, 63 

„ action of heat on, 64 
Iodides, tests for, 56, 60 
Iodine, preparation of, 56, 57 

„ reaction with hydrogen, 172 
„ „ mercury, 62 

„ „ potash, 63 

„ sublimation of, 2 
,. test for, 58 
Iron, action on steam, 160 
„ chemical change of, to sulphate of iron, 1 
„ combining weights of, 164 
„ conversion into oxide of iron, 6. 98 
„ estimation of, 161, 162 
„ physical change of, by magnetisation, 1 
„ purification of, 164 
„ redudng power of, 101 
„ separation of, from mixture, 11 
„ specific heat of, 165 
„ tests for, 37, 43, 86 

Kathode, 20 

Laws of chemical combination, 107 
Lead acetate, normal and basic, 48 
„ chloride, preparation and analysis of, 
to illustrate the law of redprocsl 
proportions. 111 
„ oxide, formation of, 2, 98 
„ „ use of, in determining water of 

crystallisation, 161 
„ nitrate, action of heat on, 2 
„ pyrophosphate, 80 
„ sulphide, preparation and analysis of> 
to illustrate the law of redprocal 
proportions, 110 
Limit of etherification, definition of, 186 
Litmus, discrimination of oxides by, 19. 26> 
30 
„ use of, as indicator, 31 
„ use of, to exemplify mixtures, 3 

Magnesia, 1, 6, 66, 67, 117 

„ reaction with hydrochloric add, 

36 
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Oxides, basic, 8S 

„ dassificatioa of, by ookrar-cfaange with 
Utmus, 36, 80 
Oxidising flame, W 
Oxygen, atomic weight of, 129, 181 

„ methods of preparing, 9, 18, 21, 24, 

117 
M properties of, 25 
Osone, preparation o^ 151 

„ reconversion into oxygen, 152 



Phosphoric aci(^s, meta- 



Phospliine, 71 

! preparation and 
test for, 80 
stabiUty of, 81 
strength of, 105 
I formation, 79, 148 
neutralisation of, 
30 
stabUity of, 81 
tests for, 31, 79 
! preparation and 
tests for, 80 
StabUity. 81 
Phosphorus, allotropic clianges of; 146 

„ bromide, reaction with water, 59 

„ combustion of, 76, 77 

„ heats of combustion of, 148 

„ hydride of, 71 

„ iodide, reaction with water, 59. 

171 
„ pentoxide, 77, 79, 80 
„ trioxide, 75, 76 

Platinum, physical change of, when heated, 
1 
„ tetrachloride, 115 
Potassium Mearbonate, pr^iaration and 
action on Utmus, 42 
„ bromate, 68, 64 
„ bromide, formation, 63 
„ „ reactions with phos- 

phoric acid, 59 
„ „ reactions with sul- 

phuric add, 58 
chlorate, preparation, 63 

M reactions of, 9, 19, 64, 
99,100 
diloride, formation, 9, 40, 62, 
68,100 
„ reaction with sul- 
phuric add, 58 
cfaromate, formati(m, 47, 88, 157 
M reaction with chro- 
mic anhydride, 157 
„ separation from mix- 
ture, 12 
compounds, test for, 83 
dichromate, preparation, 88 



tt 



Potassium diduomate, use in Tolometrie 
analysis^ 150 
„ ferricyanide, use as a reagent, 

86.87 
n hydroxide, pr^iaration, 49 

^ „ reactions oC 49,50, 

52,62.63,71,81,84, 
88,92 
„ hypolmmiite, 62 

„ hypochlorite, 62 

„ iodate, 63, 64 

„ iodide, formation of, 63 

„ „ reactions, 3, 56, 58, 59, 

75 
„ manganate, 47, 89 

nitrate, 83, 99 
„ „ oxidising power, 99 

„ „ reactions, 54, 79, 97 

nitrite, 99 
„ oxalates, formation, 38 
„ „ reactions with litmuB, 

„ oxide is a basic oxide, 83, 47 
,. permanganate, formation, 89 

„ „ use as oxidiser, 

89. 90, 93, 136, 
143, 144, 161 
^ sulpliates, formation, 37, 156 
„ „ reaction of normal 

salt with sulphuric 
add, 157 
„ « reaction of both salts 

with litmus, 42 
„ sulphocyanide, action on ferric 

chloride, 141 
M „ use as reagent, 

86 
Predpitation, 3 

Propylic alcohol, rate of etherification of, 187 
Prussian blue, 86 

Qualitative analysis, tables for, 300 

Rate of chemical change, 92, 187 

Reacting weights, 185 

Recdver, 112 

Redprocal proportions, law of, 110 

Recrystallisation, purification by, 27 

Red phosphorus, preparation of, 146 

„ „ combustion of, 150 

Reduction, 98—101, 72, 78, 88, 89, 90, 103, 157 

159 
Reversal of chemical changes, 96 
Rosolic add, use as indicator, 188 

Salt, physical solution of, 2 
Salts, add, 46 
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Wftter-equivalent, 166, 186 
Water of constttution, difference between, 
and water of cryttalUaation, 192 
„ crystalliBation, determination of 

directly and indirectly, 161 
„ crystalliaation, spedflc volume of, 
190 
Weak adds, 102 

Zinc carbonate, action of sulphuric acid on, 

35 
., ,. „ heat on, 67 

,. „ preparation of, 67 



M 



Zinc hydroxide, 28, 49, 67 
„ oxide, a baaie oxide, 82, 86^ 66 
M i»«p«rati(m of, 66, 67 
physical pr(q>ertie8 of; 66 
test for compounds o^ 28 
sulphate, electrolysis of. 66 

„ not more than one snlpliste 

of zinc, 44 
„ prqMtration from zinc, 23, U 
„ M carbonate, 85 

„ „ oxide^ 32, 35, 05 

„ purification of, 27 
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Prolegomenis Versione Nutulia Indicibus instniiit Gulibi.mus Gilson 
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late B. H. Kennedy, D.D. Crown Svo. jj. 6d. 

The Nuptial Mumber of Plato : its solution and significance, h 
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Hare Prize in the year 1S89. By A. C. Pearson, B.A., Christ's College, 
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ENGLISH LITEBATUBE AND LITEBAET HISTOBT, 
Chapters on EDglish Metre. By Rev. Joseph E. Mayor, MA 
Demy Svo. 7j, 6d. 

Stadiea in the Literary Eelationa of England with Gemanr in 

Ihe Siileemh Century. By C. H. Herford, M.A. CrowD 8»o. 91. 
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completed by Prof. Karl PEARSON, M.A. Demy 8vo. 15J. 
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Fellow of Trinity College. Demy 8vo. 10/. 60'. 
A Treatise on Plane Trigonometry. By E. W. Hobson, ScD. 

Demy 8vo. iii. 
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Jheory of Differential Equations. Part I. Exact Equations and 
Pfaff's Problem. By A, R. Forsyth, Sc.D., F.R.S. Demy 8vo. 

t Treatise on the Theory of Functions of a Complex Variable. By 
A. R. FoRSVTit, ScD., F.R.S. Royal 8vu. [In thi Press. 

\ Elementary Treatise on Quaternions. By P. G. Tait, M.A.I 
Stiend EJiiion. Demy Svo. i^s. 

i Treatise on Natural Philosophy. By Lord Kelvin (Sir W. 
Tbomeon), LL.D., and P. G. Tait, M.A. Part I. Demy Svo. i6r. 
Part II. i8j. 

Lements of Natural Philosophy. By Lord Kelvin (Sir W. 
Thomson), and P. G. Tait. Second Edilian. Demy Svo, gs. 
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A Treatise on Analytical Statics. By E. J. Routk, ScD., F.R.S. 

Dcrnj 8to. Vol. I. HI. Vol. II. loi. 

A Treatise ob DynsmicB. By S. L. Lonev, M..\. New and En- 
!*TS^ EdidoQ. CtoTn 8«o. 71. 6d. 

Solntions of the Examples in a Treatise on Etementaiy Dynamics' 

By 'bt same Aulh'ii. CrowTi 8vo. 71. 6rf. 
A Treatise on Geometrical Optics. By R. S. Heath, M,A. 

Demj S*o. 1 u. 6a'- 

An Elementaiy Treatise on Geometrical Optics. By R. S. Heath, 

M..^. Crown Svo. j.. 

HydrodjrnuQics, a Treatise on the Mathematical Theory of Fluid 

ModOD, hj tloRACc LjIMK. M.A. Demj 810. 111. 
A Treatise on the Uathematical Theory of Elasticity. By A. K H. 

Loi-E.M.A.,Fellowof SiJobn^sCoIIege. In Two Volames. Demy Svo. 

Vol. 1. lU. 

An attempt to teat the Theories of Capillary Action, by F. 

BashfortH, B.D.. and thelaie ]. C. AdA¥S, M.A. Demy ,to. jCi-U. 

A Revised Account of the Experiments made with the Bashfortb 

Chronograph, 10 find the resislance of the aif lo the motion of projeciile*. 
By FKANC15 BashfckiH, B.I». Demy Svo. iis. 



Astronomical Observations from 1861 to T86S. Vol. XXI 

4to., ISJ. From 1866 to 1869. Vol. XXII. lej. 

[\-o!. XXIII. /« tkt f 

The Hathematica] Works of Isaac Barrow, D.D. Edited ' 

W, Whbwell, D.D. Demy Octavo. Jj. W. 

The Analytical Theory of Heat. By Joseph FoinitKR. 

with Notes, by A. Frkkman, M.A. Demy 8to. i2j. 
Elementary Thermodynamics, by J. Parker, M.A., Fellow ( 

Si Johns Collie, Cambridge. Ciown Svo. gi. 

The Electrical Researches of the Hononrable Henry Cavendi 

F.R.S. Written between 1771 and 1781. Edited by J. Clb»k V 
WELI, F.R.S. Demy Svo. 181. 



A Treatise on the General Principles of Chemistryj by M. 

pArnsoN Mlur, M.A. Second Edition. Demy Svo, 15J. ' 
Elementary Chemistry. By M. M. PAmsoN Muir, M.A., i 

Charles Slater, M.A., M.B. Crown Svo. 4/. &/. ' 
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Piaotical Chemistrj. A Course of Laboratory Woik. By M. M. 

^^ Pattison Muir. M.A., and D. J. Carnegie, M.A. Cr. 8vo. %s. 

HHotSB on Qualitative Analysis. Concise and Explanatory. B] 
K- H. J. H, Fenton, M.A., F.C.S. New Edit. Crown 4(0. 61. 
K (Sa also p. 11, Pits Press Mathematical Series.^ 

r , EIOLOaY AND GEOLOOT. 

liectureB on the Physiology of Plants, by S. H. Vines, Sc-D. 

Professor of Botany in the University of Oxford. Demy 8vo. iij. 

Studies from the Morphological Laboratory. Edited by Adam 
Sedgwick, M.A.'i Fellow and Lecturer of Trinity College, Cambridge. 
Vol. 11. Part I. Royal Bvo. loj. Vol II. Part II. 71. td. Vol. IlL 
Parts I. and II. is. 6d. each. Vol. IV. Part I. \-is. f,d. Vol. IV. 
Part II. loj. Vol. IV. Part III. jj. Vol. V. Part I. 7J. &/. Vol V. 
Part II. 5J. 

A Catalogue of Books and Papers on Protozoa, Coelenterates, 
Worms, etc. published during the years 18G1-1883, by D'AltcY W. 
Thompson, M.A. Demy 8vo. m. bd. 

A Catalogue of the Collection of Birds fonned by the late Hugh 
Edwin Strickland, now Ln the possession of the University of Cam- 
bridge. By O. Salvin, M.A., F.R.S. £\. is. 

QlnstrationB of Comparative Anatomy, Vertebrate and Inverte- 
brate. Second Edition. Demy 8vo. is. 6/1, 

Catalogue of Ofiteological Specimens contained in the Anatomic 

Museum of the University of Cambridge. Demy Bvo. li, 6d, 

Catalogue of Type Fossils in the Woodwardian Museimi, Cambridge. 

By H. Woods, li.A., F.G.S., with Preface by Professor T, M=KeNNY 

Hughes. Demy 8vo. ys. 61I. 
A Catalogue of the Collection of Cambrian and Silurian FobsUh 

contained in tbe Geological Museum of the University of Cambridge, 

by J. W. Salter, F.G.S. Royal Quarto. 7/. 6d. 
A Catalogue of Australian Fossils. By R. Etheridge, Jun., F,G.S, 

DemySvo. ios.6d. 
The Fossils and Pal^eontological Affinities of the Neocomian Deposits 

of llpware and Brickhill, being the Sedgwick Prize Essay for 1870. By 

W. Keepcng, M.A. DemySvo. w. 6d. 

The Jurassic Rocks of Cambridge, being the Sedgwick Prize Essay 

for the year 1886, by the late T. Roberts, M.A. Demy 8vo. 31. ' ' 

The Bala Tolcanic Series of Caernarvonshire and Associated Bocks, 
being the Sedgwick Prize Essay for lS88, by A. Harkek, M.A., F.G.S. 
Demy 8vo. 7J, 6d. 

FoBflil Plants as Tests of Climate, being the Sedgwick Prize Essay 
' " By A. C, Seward, M. A., St John's College. Demy 8vo. 
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Digest XIX. 2. Locati Conducti, with a. Translation and Notes 
CM- Monro, M. A.. Fellow of ConvilleandCaiui College. Crown Bro. 5/. 

An Intiodoction to the Study of JaBtinian's Digest. By Henkv 
John Roby. Demy 8vo. 91. ' 

Jastinians Digest. Lib. VII., Tit. I. De Usufruciu, with aL^ 
and Philological Commentary by H.J, RoBV. Demy 8to. 91, 
The Two Pans complete in One Volume. Demy 8to. ■ 18/. 

Selected Titles from the Digest, by Bryan Walker, M.A., LL.D. 
Parti. Mandali vel Contra. Digesi xvil. 1. Cr. Svo. 5J. 
Part II. De Adqoiretido remm domtnio, and De AdqnirendB n 

amillenda Possessione, Digest XLI. 1 and ■>. Crown 8vo. 6j. 

Part III. De Condictionibns, Digest xn. i and 4 — 7 and Dige* 

Xlll. I — J. Crown 8vo. ds. 

The CommeDtsries of Gains and Rnles of Dlpian. Transhitei 

Euid AmiQtaled, by J. T. Abdv, LL.D., and BSYAN Walkbh, M.A., 

LL.D. NewEditionbyBRVAN Walker. Crown a vo. i6(. 

The Institutes of Justinian, translated with Notes by J. T. Abdi 

LL.D., and Bryan Walkbr, M.A., LL.D. Cr. 8wo. 161. 
The Fragments of the Perpetual Edict of Salvins JoUaiiaB, Ai 

ranged, ind Annotated by the lale Bryan Walkbr, LL.D. Ci. Sro. ' 

GrotlQS de Jure Belli et Paois, with the Notes of Barbcyrac a 
olheis; an abridged Translation of the Teit, by W. Whkwbll, D. 
Demy 8vo. iii. The translation Eeparate, &. 

The Science of International Law. By T. A. Walker. M.A, 

LL.M., of the Middle Temple. Demy 8to. {Nearly rra4 

An Analysis of Criminal Liability. By E. C. Clark, LI.S 

R^us Professor of Civil Law. Crown 8vo. -ji. 6J. 
Practical JnriBprodence. A comment on Austin. By the 

Crown 8vo. gs. 
The Constitution of Canada. By J. E. C. Munro, LL.U 

Demy 8vo. loj. 
Elements of the Law of Torts. A Text-book for Students, 

Melville M. Bigelow, Ph.D. Crown 8vo. loj. drf. 
A Selection of Cases on the Enghsh Law of Contract. S 

Gerard Brown Fcscii, M.A. Royal 8vo. 18s, 
Bracton's Note Book. A Collection of Cases decided in the Kin^ 

Courts during the Reign of Henry the Third, annotated by a Lawyer 1 

Ibat time, seemingly by Heniy of Bratton. Edited by F. W. Maitiaw: 

3 vols. Demy 8vo. £3. 31. (net). 



Section of the State Triala. By J, W. Willis-BuNd, M.A., 
Crown 8vo. Vols. I. and II, In 3 parts. 30J. 

i in Fetters. Being the Yorke Prize Essay for 1885. By 

PT. E. Scrutton, M.A. Demy 8vo. JJ. td. 

__mon3 aod Common Fields, or the Historv and Policy of the 

LaHE of Commons and Enclosures in England. Being Ihe Yorke Pme 
Essay for 1886. By T. E. Scruttos, M.A. Demy Svo. loi. 6d. 

Bistory of the Law of Tithes in England. Being the Voike Prize 

Essay for 1887. By W. EaSterby, B.A., LL.B. Demy Svo. ^!. 6d. 

ffistory of Land Tenure in Ireland. Being the Yorke Prize Essay 

for iSSS. By W. E. Montcjomery, M.A,, LL.M. Demy Svo. lor. 6d. 

listory of Equity as administered in the Conrt of Chancery. Being 

the Yorke Prize Essay for (S8g. By U. M'Kenzik Keri.V, M.A., Si John's 
College. Demy 8vo. iir. 6d. 

Hie History of the Law of Prescription in England. Being the 
Yorke Piiie Kisay for 1890. By T. A. Herbert, B.A., LL.B. Demy 

The History of the Doctrine of Consideration in Enghsh Law. 

■Being the Yorke Prize Essay for 1891. By E. Jbnks, M.A., Fellow of 
King's College, down Svo. 31. 6if. 

IS shewing the Differences between English and Indian Law. 
iy Sir Roland Kni-vet Wiuson, Bart., M.A., LL.M. Demy 410. ti. 
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Political Parties in Athens during the Peloponnesian War, 

byL. Whibley, M.A. (Prince Consort Dissertation, :S88.) Second 

Edition. Crown Svo. ti. 6d. 

Pope Gregory the Great and his relations with Gaul, by 
F. W.Kellett, M.A. (PrinceConsortDisseitation, 1888.) Crown 
Svo. ij. 6d. 

The Constitutional Experiments of the Commonwealth, being 
the Thirlwall Priie Essay for rSSg, by E. Jemks, M.A., LL.B. 
Crown Svo. u. 6J. 

On Election by Lot at Athens, by J. W. Headlam, M.A, 

(Prince Consort Dissertation, 181)0.) Crown 8vo. (Out a/ Jirinl.) 

The Influence and Development of English GUds. (Thirlwall 

Priie Essay, i8gl.) By F. Aidan Hibbert, B.A. Crown Svo. 
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The Somerset Beligioas Houses, By W. A. J. ARCHBOUt, 
B.A.. LL.lt. (Piince Consort Dissertation, 1890.) C 
itu. M. 

The Early History of Friaia, with special relation to 

version. By W. E. Collins, B.A. (Prince Consort DUsemritn, 
1890.) Cr. 8vo. iPrtfcti'if 
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^M The Origin of Uetallic Currency and Weight Standards. 

^f RlDGEWAV, M.A., Frofessoi of Greek, Queen's College, Cork, and Ult 

^ Fellow orGomille aii.l Cnlu? Coli^e. Dem)' 8vo. 13/. Net. 

The Growth of English Industry and Commerce during the Eiriy 

and Midille Ag". By W. Cunningham, D.D. Detny 8vo. ,6s. 
The Growth of English Industry and Commerce in Modem TineB. 

By the same Amhoi. Demy 8vo. i8j. 

A History of Epidemics in Britain. From a.d. 664 to the exlinc- 

tioa of the Plague in 1666. By Chablbs Creighton, M.D., M.A., 
formerly Demonatrator of Analomy in the University ot Caiiibridge- 

Two Unfinished Papers by the late Henry Bradshaw. 1. The 
Collectio Canonum HibemensLs. a. On the Charlrea and Touis MSS. 
tif the Hibemensis. (6« pp-) Deniy 8vo. is.6d. 

Statutes of Lincoln Cathedral. Arranged by the late Henrv 
Bradshaw, with illustraiive Documents. Ediied by Chr. Wohdswosth, 
M.A. Pari I, containing the complete text of 'Liber Niger' with Mr 
Bradshaw's Memorandum!. Deray 8vo. iji. W. 

Ecclesiae Londino-Batavae arcbivum. Tomvs Primvs. Abra- 

UAMl Ortelii et vitorticn eruditorum ad eundetn el ad JacobvM 
CoLivM Ortelianvm Epistuloe, (1514 — 16)8). ToMVS Secvndvs. 
EPtSTVLAE ET TRACTATVS cam Refonnationis turn Ecclesiae 
Londino- Gatavae Hisloriam lUustrantea 1544 — 1611. Ex autographls 
mandante Ecclesia Londino-Batava edidil Joannes Henricvs Hesseis. 
Demy +to. Each vol , separately, £i. leu. Taken together ^^5. ji. Nil, 
The Growth of British PoUcy, by J. R. Seelev, M.A, 

[/« lie Prtii. 

The Despatches of Earl Gower, English Ambassador at the court 
of Versailles, June 1790 lo August 1791, and the Despatches of Mt Lindsay 
and Mr Monio. By O- Browning, M.A. Demy " 

Life and Times of Stein, or Germany and Prussia in the Hapolei 
Age, by J. R.Seblev, M.A. Portraits and Maps. 3 vols. DemySvo. 

Rhodes in Ancient Times. By Cecil Torr, M.A. With 

L Rhodes in Modem Times. By the same Author. With tbi 
plates. Demy 8vo. 
Ancient Ships. By the same Author. With numerous illustra^ 
(ions. [/b tie Pras. 
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gnological Tables of Qreek History. By Carl Peter. Train 

kted from the German by G. Chawner, M.A. Demy 410, loj 

Batory of Nepal, edited with an introductory sketch of tlie Countr 
d People by Dr D. Wright. Super- roy al 8vq. ios.6d. 
hip and Marriage in early Arabia, by W. Robertsox SmithJ 

M.A., LL.D. Crown Bvo. ^!. 6d. ' 

latnral Religion in India. The Rede Lecture, delivered ia them 

' Senate-House, Cambridge, on June 17, 1891, by Sir Alfred Lyali^B 

K.C.B., K.C.I,E. Cloth, li. Paper Covers, 11. " 



BIOORAPHY. 

muB. The Rede Lecture, delivered in the Senate-House, Cam' 
bridge, June II, lS9o,byR.C-jEBB, Lilt. D. Cloth, u. Paper Covers, u 

Khe Life and Letters of the Reverend Adam Sedgwick, LL.D., 
' F.R.S. (Dedicated, by special permission, to Her Majesty the Queen.) Bj 

John Willis Clark, M.A., F.S.A.. and Thomas M'^Kennv Hughbs, 

M.A. 1 vols. Demy 8vo. 361. 

morialB of the Life of George Elwea Corrie, D.D., formerly Master 

of Jesus College. By M. Holrovd. Demy 8vo. iti. 



ravels in Arabia Deserta in 1876 and 1877. By Charles 
M. Doughty. With Illustrations. Demy 8vo. i vols. £i. 3s. 
i Journey of Literary and Archie ological Research in Nepal 
' Northern India, 1884—5. By C. Bendall. M.A. Demy Bvo. 101 
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bluninated Manuscripts in Classical and Mediaeval Times, their 

An and their Technique, by J. Henry Middleton, Slade Professi 

Fine Alt. Royal Bvo. With Illustrations, au. 

the Engraved Qems of Classical Times with a Catalogue of the: 

"n the Fitiwilliam Museum byj, H.Middlf.ton, M.A. Royal Bvo. 
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ntroduclory Essay < 
Ancient Gems by J. H. MlDnLETo"N. M.A. Royal 8vo. 6s. 



i Catalogue of Ancient Marbles in Great Britain, by Prof. Adolf 

Mickakljs. Translated by C. A. M. Fennell, Litt.D. Royal 8vo.. 
Roxburgh (Morocco back). £1. is. 
leme Interesting Syrian ajid Palestinian Inscriptions, by J. Rendeu 
Harris, M.A. Royal Bvo. 41. 
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Tbe Tjrpes of Greek Coidb. By Percy Gardner, Lin.D., F,& 

With i6 pUtM. Impl. 4I0. Cloih £\. fii. 6d. RoxbDrgli (Ho 

back) ^i. w. 
EsflayBonthe ArtofFheidias. By C Waldstein, Utt-D., 

Royal 8vo. With Illustralions- Buckram, ios. 
The Woodcntters of the Netherlands during the last quarter i 

the Fifleenth Century. By W. M. CoNWAV. Demy Svo. 
The Literary remaine of Albrecbt Dtirer, by W, M. Conwav. Wjfl 

Transcripts from Ihe British Musemn Manuscripts, and Notes apon 4 
by LlNA ECKENSTEIN. Royil Svo. JIJ. 

The Collected Papers of Henry Bradshaw, including his Mei 

and Communications read before the Cambridge Anliquarian S 
With iifaihmita. Edited by F. J. H. Jenkinson, M.A. Demyaro. g 



Coonteipoint. A practical course of study. By the late i 
Sir G. A. Macfarren, Mus. D. $th Edition, revised. CT.4to, ;~~ 



EDUCATIONAL SCIENCE, &c. 
Eighteen Years of University Extension. By R. D. Roberts, M-A., 
D.Sc, Organiiing aecri-tn.ry for Lectures to the Local Examinations ud 
Lectures Syndicate. With Map and Diagrams. Crown 8vo. 11. 

Occasional Addresses on Educational Snhjects. By S. S. Laurie, 
M.A., LL.D. Crown Svo. jj. 



Lectures on Teaching, delivered in the University of Cambridge. 
By J. G. FiTCH, M.A., LL.D. Ct. Svo, ji. 

Lectures on the Growth and Training of the Mental Facnltr, 
delivered in the University of Cambridge. By Francis Warnek, M.D., 
F.R.C.P. Ctovm Svo. +f. &/. 



SHORTHAND. 

A Primer of Carsive Shorthand. By H. L. Callendar, M.A. 6rf. 
Essays from the Spectator in Cursive Shorthand, by H. L. 

C'ALLENDAtt, M.A. dd. 

Reading Practice in Cursive Shorthand. Easy extracts for Begin- 
ners. Si Mark, Pt. I. Vicar of Wakefield, Chaps. I.— IV. Alice ill 
Wonderland, Chap. VH. Price ^d. each. ' 
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iByatemofPhonetic Spelling, adapted to English by H. L. Callew- 

- -;, M.A. Extra Fcap. 8VQ. W. 

^ Manual of Orthographic Cursive Shorthand. By H. L. C.il- 

" " )AR, M.A. II. Supplemenl to the above, fid. 

L Manual of Cursive Shorthand, by H. L. Callendar, M.A. 
Extra Fcap. Svo. is. 

MISOELLANEOTTS. 

!^wii and Gown. Some five years of work in St George's, 

Catnberwell. By J. Tctley Rowe, M.A., Trinity Collie Missionor, 

wilh a few woi-ds of Preface by Rev. H. Montagu Butler, D.D., 

Master of Trinity Collide, Cambridge. Crown +to. ii. 
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!be Arohiteotnral History of the University of Cambridge e 

of the Colleges of Cambridge and Eton, by the late Professor WlLLI^ 
M.A., F.R.S. Edited with large Additions and a Continuation to the 
present time by J. W. Clark, M.A. 4 Vols. Super Royal 8vo. £^. 6t.. 
Also a limited Edition of the same, consisting of 1 20 numljered Copies 
only, large paper Quarto; the woodcuts and steel engravings mounted 
on India paper ; of which 100 copies are dow oHercd for sale, at Twenty- 
five Gnineas nat each si ' 

kfl University of Cambridge from the Earliest Times to ttie 

Royal Injunctions of rs3i. By J. B. Mullingbr, M.A. DemyBvo. taj. 

— Part II. From the Royal Injunctions of 15J5 to the Accession of Charles 

the rirat. Demy «■ 
tholae Academicae : some Account of the Studies at the English 

Universities in the Eighteenth Century, By CHRISTOPHER WORDS- 
TH, M.A. Demy Svo. 
tstory of the College of St John the Evangelist, by Thomas 

Barer, B.D., Ejected Fellow. Edited by John E. B. Mayor, M,A., 

Fellow of St John's. Two Vols. Demy 8vo. - 
jnisaons to GronviUe and Caius College in the University of 

Cambridge March 1.558— g to Jan. 1678—9. Edited by J. Venn, Sc.D., 

and S. C. Venn, Demy Svo, 
I. Chronological Liat of the Graces, etc. in the University Registry 

which concern the University Library. " '^ 
rastfl, Statutes and Directioaa affecting (i) The Professorships 

of the University. (1} The Scholarships and Priies. (3) Other Gifts and 

Endowments. " 
radaati Cantabrigienses: sive catalogas exhibens nomina eorum 

S grada quocunque oraavit Academia 
■aH. R. LuARD, S.T.P. Demy Svo. 



quos grada quocunque oraavit Academia Cantabrigiensis (18 



London ; Cambrid^ Warehouse, Ave Maria Lam. 



22 CAMBRIDGE UNIVERSITY PRESS. 

Letters patent of Elizabeth and James the First, addressed tti tlic I 

Universily of Cambridge, with oUier Uocumcms. Edited Iwith itn» I 
lationoflheUllereof ElLiabelhjbyJ.W.CLARK.M.A. DemySv 
Statotes for the Dniversity of Cambridge and fbr the CollEgfl I 
ihereio, made, published and approved (i8y8 — iSSj) under the Ob- I 
vetsities of Oiford and Cambridge Act, [877. Demy 8vo. i6j. 

Statntes of the University of Cambridge. 31. ^d. 
Ordinances of the University of Cambridge. 189a. 71, dd. 
A Compandinm of Dniveraity Regolattone, Demy Svo. dd. 
Cambridge Oniversity Reporter (Publislud by authority). Contiin- I 

mg all the OfSdal Notices of the University Reports of Diseussionl il 
the Schools, anJ i'roceediiigs of the Cambridge Philosophical, AntiquaT"" 
and Philolopcal Societies, yi. weekly. 

OATAJLOOUES. 

University Library. 

& Catalogue of the Mannscripts. Demy 8vo. 5 vols. 

each. Index lo Catalogue, las. 
A Catalogne of Adversaria and printed books < 

MS. notes. Demy Svo. 31. 6rf. 

Catalogns Bibliothecee BnrckhardtlaDa, Demy Quarto.! 



Catalogue of the Buddhist Sanskrit Manuscripts. 

by C. Benqaix, M.A. 11/. 
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Library. Ciown Svo. 6j. a year, paid in advance. 

Catalogue of the collection of books on Logic presents 
J. Venn, Sc.D. is.bd. 



Catalogue of the Music in tha FitzwIUiam Museum, Cambn 
By ;. A. Kuli.ek-Matti.and, M,A., F.S.A., and A. H. '^ 
Mus.D., Oxon, Demy Svo. 71. dJ. 

The Illuminated Manuscripts in the Library of the Fitz 

Museum, Cambridge, by W. G. Searlb, M.A. is. 6d. 
A CatilogQs of the Egyptian Antiquities in the Fitzwilliam Muaeum.'' 

By E. A. WalLIH BullQf., Litt.D., F.S.A. [fn ll,/ FriiS. 

A Descriptive Catalogue of the Manuscripts in the FitzwillioM 

MUSEUM. Illustrated with Twenty Plates of Photographic Reproduc- 
w'oiis. By M. R. James W.^- Ku'jaVSiQ. ' [/» thi Pna. 
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volumes for the Academical year. 

bl. XVII. Papers for the year 1887—88. Vol. XVIII. Papei 
for the year t888— 89. Vol. XIX. Papers for the year iBSg— 90. Vo_. 
XX. Papers for the year 1890—91. Vol. XXI, Papers for the year 



OOLLE&E EXAMJNATION PAPEES. 

ination Papers for Eatrance and Minor Scholarships and 

[hibilions in the Colleges of the University of CambridEe. Pari I. 
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languages and History (Michaelmas Term, 1890). Pan III. Mathe- 
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and Modem Languages and History (June iSpc — June iSyj). is. each. 

CAMBBIDGE LOCAL EXAMINATIONS. 
ination Papers, for various years, with the Regulations for 

"^ lination. Demy 8vo. is, each, or by post 7S. -id. 
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inuttl Reports of the Syndicate, with .Suppleitientary Tables 

showing llie success and failure of Candidates, is. each, by post is. 31/. 
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CAMBEIDQE HIGHER LOCAL EXAMINATIONS. 

ination Papers, for various years, witli the Regulations for 
Ihe Examination. Demy 8vo. is. each, by post is. 2J. 
USB Lists, for various years, is. each. By post is. 2d. 
leports of the Syndicate. Demy 8vo. \s., by post is. 2d. 



TEACHEES' TRAINING SYNDICATE. 

ination Papers for various years with the Regulations for 



PXFORD AND CAMBRIDGE SCHOOLS EXAMINATIONS, 
npers set in the Examination for Certificates, July, 1891. 2s. 
lapers set in the Examination for Commei'cial Certificates, July, 
^1891. 6d. 
t of Candidates who obtained Certificates at the Examination 

■ "" "i9i; and Supplementary Tables. f)d. 

lations of the Board for 1893. 9//. 
kgtilations for the Commercial Certificate, 1893. 31^. 
Qiort of the Board for the year ending Oct. 31, 1892. i.s- 

Zan^n: Cambridge Warekauit^ Axt Maria Ijmt. 
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r' 
W^t Cambrtlige Bible Cor Schools aitb CoIlfgtS. 
General Euitoh ; J. J. S. PEROWNE, D.D,, Ii:sHoc of Worl-esiu. 
" K is difficull to commend too highly this ex<;ellt:D I series. "^O^umfub 
Now Beady. Cloth, £ztra Fcap. 6vo. With Maps. 
Book of Joshua. By Rev, G. F. Maclkar, D.D, zs. 6d. 
Book of Judges. By Rev. J. J. Lias, M.A. 3^. 6d. 
Firat Book of Samuel. By Rev. Prof. Kirkpatrick, D.D. is.U. 
Second Book of Samuel. By Rev. Prof. Kirkpatrick, D.D. y.6d. 
First Book of Kings. By Rev. Prof. Lomby, D.D. 3^. 61 
Second Book of Kings. By Rev. Prof. Lumbv, D.D. 3s. ftd. 
Books of Ezra and Nehemiah. By Rev. Prof. Rvle, B.D. +1. Si 
Book of Job. By Rev. A. B. Davidson, D.D. $s. 
BookofPsaOms. Book I. By Rev. Prof. Kirkpatrick, D.D. 3/.6i 
Book of Ecclesiastes. By Very Rev. E. H. Plumptre, D.D. 51. 
Book of Jeremiah. By Rev. A. W. Streank B.D. 41. 6d. 
Book of Ezekiel. By Rev. A. B. Davidson, D.D. 51. 
Book of HoBea. By Rev. T. K. Cheyne, M.A., D.D. y. 
Books of Obadiah and Jonah. By Archd. Perowne. 2s. dd. 
BookofMicah. By Rev. T. K. Chevne, M.A.,D.D. u.dl 
Books of Haggai.Zechariah&Malachi. By Arch. Perowne. y.U- 

IBook of Malachi. By Archrteacon Pekowne. is. 
Gospel according to St Matthew. By Rev. A. Carr, M.A. af.fii 
Gospel according to St Mart By Rev. G.F.Maclear, D.D. si.&t 
Gospel according to St Lnke. By Archdeacon Farrar. 43. dd. 
Gospel according to St John. By Rev. A. Plummer, D.D, 4J, 6i. 
Actaof the Apostles. By Prof. Lumby, D.D. 4J. 6rf. 
Epistle to the Romans. Rev. H. C. 0. Moule, M.A. 3J. Sd. 
First Corinthians. By Rev. J. J, Lias, M.A. 21. 
Second Corinthians. By Rev, J. J. Lias, M.A. 2s. 
Epistle to the (Jalatians. By Rev. E. H. Perowne, D.D. u. W. 
Epistle to the Ephesians. Rev. H. C. G. Moule, M.A. 2s. dd. 
Epistle to the Philippians. By Rev. H.C.G. Moule, M.A. zs.()i. 
Epistles to the Thessalonians. By Rev. G. G. Findlay, B,A. w. 
Epistle to the Hebrews, By Archdeacon Farrar, D.D. 31, 6i 
General Epistle of St James. By Very Rev, E. H. Plumptre. ij.W. 
Epistles of St Peter and St Jnde. By the same Editor. 2s. 6d. 
Epistles of St John. By Rev, A. Plummer, M.A., D.D. 
Book of RcTelation. By "8,e■J.■W."«-.^\■^^':■Q^^'^'^A- 
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1^ Prtparing. 

'^ook of Genesis. By the Bishop of Worcester. 
Books of Exodus, NmnberB and Deateronomr. By Rev. C. D. 

GiNSBUHG, LL.D. 

First and Second Books of Chronicles. By Very Rev. Dean 

Spencf, D.U. 
Book of Isaiah. By Prof. W, Roberi'son Smith, M.A. 
Epistles to Col ossians &; Philemon. By Rev. H. C. G.Moule, M.A. 
Epistles to Timothy and Titus. By Rev. A. E. Humphreys, M.A. 

aDftf Smaller cCambnlise Si'tile for ^tf)oote, 

I Sotwrdaf Km'cBI. 

"We can cordially nKommcnd ihis seriei of texl-bnoks, not only lo Ihoae fur whom uls. 
' primarily iilcadcd, but i\iti n thi: clergy and olhcr worken for use in BIble.cUsKS." — C^Br&i 

" AccDnlc acholanhip is obyicu^y q churoclcri&tic of Ihcir pfoduction^, and the woAof 

GiatrdiiiH. 

Now ready. Prke \s. each. 
Book of Joshua. By J. S. Black, M.A. 
Book of Judges. By J. S. Black, M.A. 

First and Second Books of Samuel. By Prof. Kirkpatrick, D.D. 
First and Second Books of Kings, By Re\'. Prof- Ll-mbv, D.D. 
Gospel according to St Matthew. By Rev. A. Carr, M.A. 
Qospel according to St Mark. By Rev, G. F. Maclear, D.D. 
(Jospel according to St Luke. By Archdeacon Farrar, D.D. 
Gospel according to St John. By Rev. A. Plummer, D.D. 
Acts of the Apostles. B)' Professor LtJMBV, D.D. 



THE CAMBRIDGE GREEK TESTAMENT 

FOR SCHOOLS AND COLLEGES 

with a Revised Text, based on the most recent ciitical authorities, 

a.iid English Notes. 

Gospel according to St Matthew, By Rev A. Carr, M.A. 4x. bd. 
Gospel according to St Mark. By Rev. G.F. Maclear, D.D. 4^. 6rf. 
Gospel according to St Luke. By Archdeacon Farrar. 6j. 
Gospel according to St John. By Rev. A. Plummer, D,D. 61. 
Acts of the Apostles. By Prof. Lumey, D.D. 4 Maps. (>s. 
First Corinthians. By Rev. J. J. Lias, M.A. 3J, 
Second Corinthians. By Rev. J. J. Lias, M.A. 3^. 
Epistle to the Hebrews. By Archdeacon Farrar, D.D. t,s. 6d. 
Epistles of St John. By Rev. A. Plummer, M.A, D.D. 4s. 
Book of Revelation. By Rev. W. H. Smcox, M.\. \In (fic Pt«%. 
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Aristophanes. AveB— Plutas— Ranae. By W. C. Greek, : 

ble Aiiistanl Maslet at Rugby School y. &£ eaeL. 

Aristophanes. Vespae. By (J. E. Graves. M,A. [A tht / 
Euripides. Heracleidn. By E. A. Bece, M.A. jj. 6dL 



\ 



Euripides. Hippolytus. By W. S. Hadley, M.A. «, 
Euripides. Ipbigeueia in Anils. ByC. E.S. H£adlau,M.A. 3 
Herodotus, Book V. By E. S. Shuckburch, M.A. $r. 
Herodotus. Book VI. By the same Editor. 41. 

Berodotni. Books VIII., IX. By ihe same Editor. 

{NtarlfA 
Herodotns. Book VIU., Cfa. 1-90. Book IX., Cb. 1—89. Bl 

same Eciilor. 31. di. each. 



Homer. Odyssey, Book XXI. By the same Editor, zs. 

Homer. Iliad. Book VI. By ihe same Editor. 2s. 

Homer. Iliad. Books XXII., XXIII. By the same Editor. 

Luciani Somninm Charon Piscator et De Lnctn. By Wj 
Hbitland, M.A., Fellow of St John's College, Cambridge. 3^. f 

Lncian. Menippus and Timon. By E. C. Mackie, B.A. 
Flatoois Apologia Socratia. By J. Adam, M.A. is. 6d. 

Crito. By the same Editor. 2s. 6d. 

— Euthyphro. By the same Editor, zs. bd. 
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lotarch'B Lives of the Gracchi— Snllft—Timole on. By H. 

HoLDBN, M.A., LL.D. 6j. each. 
btarch's Life of Nicias. By the same Editor. %s. 
ktarch's Life of Demosthenes. By the same Editor. 4^. dd. 
Iphoclea.— Oedipus Tyrannns, School Edition. By R. C. J ebb, 

Litt.D., LL.D. +j. (id. 
liucydidBB. Book VII. By Rev. H. A. Holden, M.A., LL.D. 5^. 
knophoD.— AgesilauB. By H. Hailstone, M.A. 21. dd. 
mophon.— Anabasis. By A. Pretor, M.A. Two vols. 71. i>d. 
Booka I. III. IV. and V. By the same Editor. 

%!. each. Books II. VI. and VII. u. <W. each. 

snophon.— Cyropaedeia. Books I. II. By Rev. H. A. Holden, 
" ■ LL.D. 3 vols. 6j. 

— Books III. IV. and V. By the same Editor, ys. 

— Books VI. Vn. and VIII. By the same Editor. 51. 



II. LATIN, 
jflda's Eccleaiastical History, Books III., IV, Edited by J. E. B. 

M*vnR, M.A. , and J. R. LuMBY, D.D. Revised Edit. ^s. f)d. 

Books L 11, [/« the Press. 

De BbHo Gailico Comment, I. By A. G, Feskett, M.A. 
i^. Com, II.IIL 1^. 

Comment. I. n. III. 3^. Com. IV. V, \s-(>d. Com. VL and 

Com, VIII. ii.6rf.each. Com. VII. jj. 

- De Bello Civili. Comment, I, By the same Editor. 31 

L T. Ciceronis de Amicitia.— de Senectnte.— pro Sulla Oratio, By 

J. S. Rejd, Litt.D. , Fellow of Gonville and Caius College. JJ. 6u?. i ' 
I. T. Ciceronis Oratio pro Arohia Poeta. By the same. 2s. 
\. T. Ciceronis pro Balbo Oratio. By the same. u. dd. 
. T. Ciceronis in Gainm Verrem Actio Pnma. By H, Cowie, 

M.A., Fellow of St John's College, is. 6d. 

'. T. Ciceronis in Q, Caecilinm DiTinatio et in C. Verrem Actio. 

jtaW. E. Heitland, M.A., and H. Cowie, M.A. 31. 
I T. Ciceronis Oratio pro Tito Annie Milone. By John Smyth 
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H. T, GceroLlB Oratio pro L.Murena. By W. E. Heiti^vnu, MJ 
M. T. CiceroidB pro Cn. Plancio Oratio, by H. A. Holden, 1 

Third Edilion. ,j. (.d. 
M. Tnlli CiceroniB Omtio Philippica Secnnda. 

M.A. jj. M. 

M. T. Ciceronis Somnium Scipionls. By W. D. Pearman. M.A. w. 
Horace. Epistles, Book I. By E. S. Shl'ckburgh, M.A. h, U. 
Livy. Books IV., VI., IX. By H. M. Stephenson, M.A. zsM.^ 

- Book V. By L. Whieley, M.A. 21. (>d. 

- Books XXI., XXII. By M. S. Dimsdale, M.A. zs. (>d. ewh. 
-BookXXVn. By H. M. Stephenson, M.A. 2S. 6d. 

y W. E. Heitland, 

Lucretius, Book V. By J. D. Duff, M.A., Fellow of Trimty 

CoUege. Ptice is. 
P. OvidiiHaEonisFaBtommLibeTVI. By A.SmcwicK,M.A. 1^.6^. 
By L. D. DowDALt, 

QolntUB CurtinB. A Portion of the History (Alexander in Indii). 

By W. E. Heitland, M.A. and T. E. Raven, B.A. js. bd. 
Vergil. ITie Complete Works. By A. Sidgwick, M.A. Two 

Vols. Vol. I. Inlroduction and Text. 31. 6rf. Vol. 11. Noles. 4J. M 

P. Vergili Maronia AeneidoB Libri L— XII. By the same Editor. 

is. 61/, each. 
P. Vergili Maronis Bucolica. By the same Editor, is. 6rf. 



III. FRENCH. 

Bataille de Dames. By Scribe and LECotrvt. By Rev. H. A. 

Bull, M.A. w. 
Charlotte Corda^. Ponsard. Edited with Introduction and 

Notes by A. K. RoPE-S, M.A., hie Fellow of King's College, Caio- 

Dix Ann^eB d'ExiL Line II. Chapitres 1—8. Far Madame u. 
Baronnb db Stael-Holstbin. 6t the late G. Massdn, B.A 
G. W. PfiOTHKRO, M.A. New Edition, enlarged, is. 
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'r^degonde et Brunehani. A Tragedy in Five Acts, by N. LE' 

UKKCIBK. By GUSTAVB Masson, B.A. m. 

Datoire dn SiScle de Lonis XT?, pu Voltaire. Chapa. I.— XIII, 

By GusTAVE Masson, B.A. and G. W. Protkbro, M.A. jj. W. 
1 Chaps. XIV.— XXIV. ii. 6rf. Chap. XXV. to end. w. W. 
Jeanne D'Arc. By A. df. Lamartine. By Rev. A. C. Clapin, 

M.A. Revised Edition by A. R. Ropbs, M.A. ii. 6i^. 
U Canne de Jonc. By A. De Vignv. By H. W. Eve, M.A. \s. 6J. 
[iB Jenne Siberienne. Lb Leprenz de la Cite D'Aoste. Tales by 

Count Xavier db Maistrs. By GtJSTAVE Masson, B.A. ii. 6d. 

M Picciola. By X. B. Saintine. By Rev. A. C. Clapin, M.A, 2s. 
M Guerre. By MM. Erckmann-Chatrian, By the same 

Editor, jr. 
ja MStromanie. A Comedy, byPiRON. By G. Masson, B.A. 2s. 
j&scariB on Les Grecs dn XT" Siecle, Honvelle Historique, par 

A F. ViLLEMAiN. By the same. a. 
ja Suite dn Mentenr, A Comedy by P. Corneillf. By the 

jazare Hoohe^Par Emile de Bonnechose. With Four Maps. 

Ily C. COLBBCK, M.A. IJ, 

je Bonrgeois Gentilhomme, Cora ^die-Ballet en Cinq Actes. Par 

J..B. Poquelin de Moliere (1670). By Rev. A. C. Clapin, M.A. ts. 6d. 

je Directoire. (Considerations sur la Revolution Fran^aise. 

Troisiime et quatriime parties.) Revised and enlarged. By G. Masson, 

B.A. and G. W, Pbotheho, M.A. w. 
jfls Plaidenra. Racine, ByE.G.W.BsAUNHOtTZ, M.A.,Ph.D. zj. 

(Abridged Edition.) u. 

jes Prficienses Eidiculea. Molierf„ By E. G. W. Braunholtz, 

M.A„ Ph.D. ji. 

(Abridged Edition.) is. 

VEcoJe des Femmes. MoLifeRE. By George Saintsbdrv, M.A, 

Je PhiloBophe aans le savoir. Sedaine. By H. A. Bull, M.A., 

late Master at WeUingtoii QoWtge. 2S. 

Iiettres snr ITiiatoire de France (XIH— XXIV). Par Augi^stin 
Thierry. By G. Masson, B.A. and G. W. Prothero. is. 6d. 

> Verre d'Ean, A Comedy, by Scribe. Edited by C. Col- 
beck. M.A. 11. 

je Vieos Ceiibataire. A Comedy, by Collin D'Harleville. 
With Notes, by G. Masson, B.A. u. 

A. Dam, par M. C. A. Sainte-Beuve (Causcries du Lundi, 
VoL IX.f. By G. Masson, B.A. Univ. Gallic, «. 
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Folyeucte. By Corneille. By E. G. W. Braunholtz, M.A. zs, 
Recits'des Temps Merovingiens I— III. Thierry. By the late 

G. Masson, B.A. and A. R. Ropes, M.A. Map. 3^. 

XJn Philosoplie sous les Toits. Souvestre. Edited with Notes 

by H. W. Eve, M.A. 2s, 

IV. GEBMAN. 
A Book of Ballads on Gennan History. By W. Wagner, Ph.D. 2s, 
A Book of Gennan Dactylic Poetry. By W. Wagner, Ph.D. 3^. 

Benedix. Doctor Wespe. Lustspiel in fiinf Aufziigen. By Karl 
Hermann Breul, M.A., Ph.D. 3J. 

Cultnrgeschichtliche Novellen, von W. H. Riehl. By H. J. 

Wolstenholme, B.A. (Lond.). 3^. 6d, 

Das Jahr 18 13 (The Year 181 3), by F. Kohlrausch. By 

Wilhelm Wagner, Ph.D. 2s, 

Der erste Krenzzng (1095— 1099) nach Friedrich von Raumer. 
The First Crusade. By W. Wagner, Ph. D. 2s, 

Der Oberhof. A Tale of Westphalian Life, by Karl Immer- 
MANN. By Wilhelm Wagner, Ph.D. 3^. 

Der Staat Friedrichs des Grossen. By G. Freytag. By Wilhelm 
Wagner, Ph. D. 2s. 

Die Karavane, von Wilhelm Hauff. By A. Schlottmann, Ph.D. 

Goethe's Hermann and Dorothea. By W. Wagner, Ph. D. Re- 
vised edition by J. W. Cartmell. 3J. 6d, 

Goethe's Enabeiuahre. (i749'i76i-) Goethe's Boyhood. By W. 

Wagner, Ph.D. Revised edition by J. W. Cartmell, M.A. w. 

Hauff, Das Bild des Kaisers. By ELarl Hermann Breul, M.A., 

Ph.D. 3J. 

Hanff, Das Wirthshans im Spessart. By the late A. Schlott- 
mann, Ph.D., and J. W. Cartmell, M.A. $s, 

Mendelssohn's Letters. Selections from. By James Sime, M.A. 3J. 
Schiller. Wilhelm Tell. By Karl Hermann Breul, M.A., Ph.D. 

2s, 6d. 

(Abridged Edition.) is, 6d. 

Qeschichte des Dreissigjahrigen Eriegs. By the same 



Editor. 3^. 

- Maria Stuart. By the same Editor. 3^. 6d, 
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£Cteil Fables. Leasing and Qellert. By Karl Hermann 

Breul, M.A., I'h.D. 31. 
land. Ernst, Herzog von Schwaben. By H. J. Wolsten- 

HOJ.ME. B.A. (Lond.). y. 6d. 
pt und Schwert. Lustspie! in fiinf Aufzugen von Kabi. Gutz- 

Kow. By H.J. WoLsTENKOLME. B.A. (Lond.). 31. 6d. 

V. ENGLISH. 
Apologie for Poetrie by Sir Philip Sidney. By E. S. Shuck- 
burgh, M.A. The text is a revision of that of the first edition of is9i. 31. 

'Discourse of the Conunonwealf of thys Realme of Englande, 

First printed in i jar, and commonly attributed to W. S. Edited from 
the MSS. by the late Ei.izaheth Lamond. [Ih the Prtsi. 

'. Elementary Commercial Geography. A Sketch of the Comi 
roodities and Countries of the World. By H. R. Mill, Sc. D., F.R.S.I 

1 Atlas of Commercial Geography. (Companion to the above.) 

By J. G. Bartholomew, F.K.d.S. With an Introduclion by Dr H. R, 

Mill, 31. 

£ient FhUosophy &om Thales to Cicero, A Sketch of, by 
Joseph B. Mayor, M.A. jj. 6d. 



itiah India, a Short History of. By Rev. E. S. Carlos, M.A. 

iwley's Essays. By Prof. Lumbv, D.D. i^s. 

leral Aims of the Teacher, and Form Management. Two Lec- 
tures by F. W. Fakrar, D.D. and R. B. Poole, B.D. u. dd. 

in Amos Comeniua, Bishop of the Moravians. His Life and' 
Educational Works, by S. S. Laurie, A.M.. LL.D. 3J, dd. 
!ke on Edncation. By the Rev. R. H. Quick, M.A. 3J. bd. 
[ton's Arcades and Comns. By A. W. Verity, M.A, %s. 
Iton'a Ode on the Morning of Christ's Nativity, L'Allegro, II 

seroso, and Lycidas. By the .same Editor, is. 6d. 

Iton's Samson Agonistes, By the same Editor. 3j. 6tl. 



Iton's Paradise Lost. 


Books I., II. By the sam 


Editor. 2S 


Iton's Paradise Lost 
Iton's Paradise Lost. 


Books m., IV. By the 
Books V„ VI. By the san 


ame Editor. 

[In the Pr 

le Editor. 


Iton's Paradise Lost. 


Books XI., Xn. Bythesa 


me Editor. 
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liUton'a Tractate on Edneation. A facsimile repnnt l 

Edition of 1673. Edited by O- Beowning, M.A. 11. 
Here's History of Eli^ ^chard HL By J. Rawsox Lumbv, I 

On StiraulUB. A Lecture delivered for the- Teachers' 

Syndicite at Cauibmige. May 1881, by A. Sidgwick, M.A. New E 

Ootlines of the Pbilosoph; of Aristotle. Compiled by Em 
Wallace, M.A„ LL.D. Third Ediiioo. Enlarged. 

Sii Thomas More's Utopia. By Prof. Ll'mbv, D.D. $s. 6d. 

Theory and Practice of Teaching. By E. Thring, M.A. 4 

Teaching of Modem Langaages in Theory and Practice. 

COLHECK, M.A. IS. 

Two Noble Kinsmen. By Professor Skeat, Litt.D- 3s. 6d. 
Three Lectures on the Practicfl of Education. L On Markl 

!jy H.W. Eve, M..\. 11. On Slimuhis, bv A. Sidgwick, M.A. II] 
the Teaching of Laiin Vetse Compo^ilicm.'by E. A. ABBOTT, D.D. 



VI. 



MATHEMATICS. 
By C. Smith, M.A., 



Master of Sitq 



3 the Examples). By Wj 



Arithmetic for Schools. 

SuKici College, Cambridge, jj, 6i/. 

Elementary Algebra (with Answers ti 

RousB Uall, M.A. 41. 6J. 
Euclid's Elements of Geometry, Boolis I.— IV. By H. M. Tayi 

M.A. 31. bo.jks 1. and II. 11. U. Books III. and IV. ir. 

Books V. and V!. [/n tht P. 

Solntlons to the Exercises in Euclid, Books I.— IV. 

Taylor, M.A. [//iarfy n 

Elements of Statics and Dynamics. By S. L. Loney, M.A. 

Or in Two Paris, i'art I. Elements of Statics. 4J. 6d. 
Elemenls of Dynamics, is. M. 

Mechanics and Hydrostatics for Beginners. Hy s. L. Lo.sBy, M.4 

l^fearfyn 
Elementary Treatise on Plane Trigonometry. By E. W. Hobs 
Sc.D., and C. M. jEssop, M.A. 41. 6rf. 
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